ASIAC 


Report  No.  779.1  A 
July  2,  1979 


STATIC  STRUCTURAL  ANALYSIS  OF 
THE  LOREORS  ELECTRONIC 
CONSOLE  SUPPORT  FRAME 


July  1979 


Approved  for  Public  Release; 
Distribution  Unlimited 


AEROSPACE  STRUCTURES 
INFORMATION  AND  ANALYSIS  CENTER 

OPERATED  FOR  THE  AIRFORCE  FUGHT  DYNAMICS  LABORATORY 
BY  ANAMET  LABORATORIES,  INC. 


I  in  m0666l 


Aerospace  Structures 
Information  and  Analysis  Center 


Report  No.  779.1A 
July  2,  1979 


This  report  describes  the  static  structural  analysis  used 
to  verify  the  structural  adequacy  of  the  LOREORS  Electronic 
Console  Support  Frame  under  crash  loadings  of  a  C-141  aircraft. 
The  results  of  the  analysis  confirm  that  the  support  frame  will 
satisfactorily  withstand  the  loading  conditions.  This  work  was 
done  by  the  Aerospace  Structures  Information  and  Analysis  Center, 
which  is  operated  for  the  Air  Force  Flight  Dynamics  Laboratory 
by  Anamet  Laboratories  under  Contract  No.  F33615-77-C-3046 . 

Submitted  by: 

L.  Patrick  Bills 

Approved  by: 


Conor  D.  JohnAon 


Aerospace  Structures 
Information  and  Analysis  Center 


TABLE  OF  CONTENTS 

Page  No. 

I .  INTRODUCTION  .  1 

II.  TECHNICAL  DISCUSSION  .  3 

III.  SUMMARY  OF  RESULTS .  18 

IV.  CONCLUSIONS .  26 

APPENDIX  A  -  TABULATION  OF  TECHNICAL  DRAWINGS  FOR 

LOREORS  ELECTRONIC  CONSOLE  SUPPORT  FRAME 

APPENDIX  B  -  PBAR  PROPERTY  CALCULATIONS 

APPENDIX  C  -  DETAILED  CALCULATIONS  AND  STRESS  ANALYSIS 


Aerospace  Structures 
Information  and  Analysis  Center 


LIST  OF  ILLUSTRATIONS 

Figure  No.  Page  No 

I 

1  Schematic  of  Electronic  Console  Support 

Frame .  2 

2  Schematic  of  Console  Model  .  5 

3  Load  Versus  Deflection  for  Model  507  Code  3 

Isolator  .  6 

4  Schematic  of  the  Model  for  Symmetric  Right 

Half .  8 

5  Lower  Corner  Structure  of  the  Three 

Intersecting  Channel  Members,  2,  3,  and  5  .  10 

6  Drawing  of  NASTRAN  Elements  for  Bottom 

Gusset  Plates  .  11 

7  NASTRAN  Plot  of  Complete  Model  .  12 

8  NASTRAN  Plot  of  Front  View  at  Z  =  0  ....  13 

9  NASTRAN  Plot  of  Right  Side  at  X  =  32.5  .  .  .  14 

10  NASTRAN  Plots  of  Upper  and  Lower  Channels 

for  Console  Mounts,  Base  Zee  and  Top 
Structure  . .  15 

11  NASTRAN  Plot  of  the  Back  View  at  Z  =  30.0  .  16 


Aerospace  Structures 
Information  and  Analysis  Center 


LIST  OF  TABLES 

Table  No.  Page  No. 

1  Material  Properties  .  4  • 

2  NASTRAN  Results  for  the  Margins  of  Safety 

Less  Than  10.0  and  the  Corresponding  Tensile 
Stress .  19 

3  NASTRAN  Results  for  Margins  of  Safety  Less 

Than  10.0  and  the  Corresponding  Compressive 
Stress .  20 

4  Summary  of  Detailed  Calculation  Stresses  and 

Margins  of  Safety .  21 

5  Console  Reaction  Forces  .  23 

6  Isolator  Relative  Displacements  at  9  g  Fore 

and  6  g  Down  Loading  Conditions .  25 


Aerospace  Structures 
Information  and  Analysis  Center 


I.  INTRODUCTION 

This  report  documents  a  structural  analysis  performed  by 
ASIAC  personnel  at  the  request  of  the  Air  Force  to  verify  the 
structural  integrity  of  the  LOREORS  Electronic  Console  Support 
Frame.  The  frame  was  analyzed  for  the  crash  loads  as  specified 
by  the  4950th  Flight  Test  Wing. 

A  schematic  diagram  of  the  support  frame  is  shown  in 
Figure  1 .  A  detailed  NASTRAN  finite  element  model  was  con¬ 
structed  of  the  frame  from  dimensions  given  by  the  drawings 
listed  in  Appendix  A.  The  finite  element  model  was  then  sub¬ 
jected  to  the  six  independent  crash  loads  to  obtain  the 
respective  element  deflections ,  forces  and  stresses . 

This  report  further  discusses  the  methodology  of  the 
analysis,  including  modeling  assumptions  and  the  interpretation 
of  the  NASTRAN  results .  Detailed  calculations  were  performed 
for  those  areas  of  the  structure  not  adequately  analyzed  by  the 
finite  element  model.  The  results  of  the  NASTRAN  model  and  the 
detailed  calculations  are  presented  in  Section  III.  The  de¬ 
tailed  calculations  and  calculations  used  to  construct  the  model 
are  both  supplied  in  the  appendices . 
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Figure  1  Schematic  of  Electronic  Console  Support  Freime 
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II.  TECHNICAL  DISCUSSION 

Static  structural  analysis  of  the  LOREORS  Electronic 
Console  Support  Frame  was  accomplished  by  using  NASTRAN,  a  large 
scale  finite  element  computer  program,  in  conjunction  with  de¬ 
tailed  hand  calculation  stress  analyses.  Detailed  stress  anal¬ 
ysis  was  performed  in  all  areas  that  lacked  adequate  definition 
due  to  the  limitations  of  finite  element  modeling. 

The  support  frame  is  constructed  primarily  of  structural 
channel  members  with  0.375  in.  thick  gusset  plates  at  the 
corners  for  reinforcement.  It  is  an  aluminum  structure  with 
the  members  joined  by  welds  and  designed  to  support  a  console 
cabinet  weighing  1,450  lb.  Vibration  isolators  are  used  to 
mount  the  console  to  the  support  frame. 

The  material  properties  used  for  the  analysis  are  listed 
in  Table  1.  Since  some  discrepancy  existed  among  the  references 
for  the  properties,  the  predominant  values  were  used. 

As  instructed  by  the  4950th  Flight  Test  Wing,  the  crash 
loads  used  for  the  analysis  were  as  follows: 

9.0  g  Fore  (+x  direction) 

1.5  g  Aft  (-X  direction) 

1.5  g  Side  to  Side  (+z  and  -z  directions) 

6.0  g  Down  (-y  direction) 

3.0  g  Up  (+y  direction) 

These  constituted  the  six  loading  conditions  used  for  the  anal¬ 
ysis  with  the  respective  applied  global  directions  for  the 
NASTRAN  models  as  indicated  above . 

Initially,  a  separate  model  was  constructed  to  represent 
the  console  and  isolators  in  order  to  determine  the  console 
loads  on  the  support  frame.  A  concentrated  weight  of  1,450  lb. 
was  located  at  the  center  of  gravity  for  the  console.  Then, 
rigid  elements  were  used  to  connect  the  weight  to  spring  elements 
which  simulated  the  isolators .  Figure  2  is  a  schematic  of  the 
console  model.  Also,  Figure  3  gives  the  load  versus  deflection 
characteristics  of  the  isolators  for  axial  loading.  Using  this 
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TABLE  1 

MATERIAL  PROPERTIES 


Property 

AI  6061-T6 
QQ-A-200/8 

Al  6061-T651 
QQ-A-250/11 

Welded  6061 

With  5356  Filler  Alloy 

E(xlO^  psi. ) 

10.4 

10.4 

G(xlO^  psi. ) 

3.9 

3.9 

- 

y 

0.33 

0.33 

- 

p  (Ibf/in^) 

0.10 

0.10 

- 

(psi.) 

37,000 

42,000 

30,400 

F^y  (psi.) 

33,000 

35,000 

19,300 

Fey  (psi.) 

35,000 

35,000 

19,300 

F  (psi.) 

su  ^ 

27,000 

27,000 

60%  F^  =  18,240 
tu  ’ 
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curve,  a  spring  rate  of  1,750  Ib/in.  was  calculated  for  the 
isolators.  Since  load  versus  deflection  characteristics  were 
not  supplied  for  transverse  shear,  the  spring  rate  for  shear 
loading  was  assumed  to  be  the  same  as  the  axial.  Also,  rota¬ 
tional  spring  rates  for  the  isolators  were  calculated,  assuming 
that  they  behaved  isotropically.  This  model  was  then  subjected 
to  the  six  loading  conditions  to  obtain  the  loads  imposed  by 
the  console  on  the  frame. 

Several  different  spring  rate  values  and  spring  configura¬ 
tions  were  analyzed.  It  was  finally  determined  that  the  rota¬ 
tional  spring  components  were  insignificant,  and  did  not  need 
to  be  included.  Therefore,  the  final  console  forces  obtained 
were  for  springs  only  in  the  axial  and  the  two  transverse 
directions.  Also,  since  the  load  versus  deflection  curve  for 
the  isolators  was  not  linear,  NASTRAN  analyses  were  performed 
for  spriAg  rates  calculated  from  different  points  on  the  curve. 
Finally,  the  spring  rate  for  the  end  point  on  the  curve  was 
considered  the  best  representation. 

Next,  the  NASTRAN  model  of  the  support  frame  was  developed 
according  to  the  technical  drawings.  Since  the  support  frame 
structure  is  symmetrical,  the  model  was  constructed  for  one-half 
of  the  structure,  and  reflective  symmetry  was  used  to  evaluate 
the  entire  structure.  Figure  4  is  a  schematic  illustration  of 
the  symmetric  half  of  the  structure  which  was  modeled.  Actually, 
two  generations  of  models  were  developed.  The  first  model 
consisted  primarily  of  offset  bar  elements  with  only  the  gussets 
modeled  as  plate  elements .  This  model  supplied  a  good  repre¬ 
sentation  of  the  overall  load  paths,  yet  lacked  detailed  defi¬ 
nition  at  the  corner  weldment  regions .  The  second  generation 
model  was  a  revision  of  the  first  by  replacing  the  bar  elements 
of  some  members  with  plate  elements.  The  NASTRAN  results  for 
the  first  generation  model  indicated  that  the  elements  in  the 
lower  corners  were  higher  stressed  than  those  in  the  upper 
corners.  Consequently,  plate  elements  were  used  to  model  the 
connections  between  channel  members  2,  3,  and  5  and  the  gusset 
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Figure  4  Schematic  of  the  Model  for  Symmetric 
Right  Half 
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plates  at  the  lower  corners.  Figures  5  and  6  display  these 
connections.  The  second  generation  model  with  this  revision 
supplied  results  to  adequately  evaluate  the  weldment  stresses 
for  the  lower  corners .  Only  the  results  of  the  second  genera¬ 
tion  model  are  being  presented  in  this  report.  Figures  7 
through  11  are  NASTRAN  plots  which  further  illustrate  the  grid 
points  and  elements  of  the  model.  By  using  symmetry  and  anti¬ 
symmetry  )  the  reaction  loads  from  the  console  were  correctly 
applied  to  the  model.  Grid  points  32,  33,  53,  and  54  repre¬ 
sented  the  upper  attachment  locations  of  the  isolators  to  the 
frame.  Grid  points  36,  37,  55,  and  56  represented  the  lower 
attachment  locations  of  the  isolators  to  the  frame.  The 
reaction  loads  from  the  console  were  applied  at  these  points. 

Since  the  center  of  gravity  for  the  console  was  not  sym¬ 
metric  with  respect  to  the  support  frame,  two  analyses  were 
made  with  the  support  frame  model.  First,  the  model,  as  pre¬ 
viously  described  for  the  right  half  of  the  structure,  was 
executed  with  the  applied  console  loads  and  six  loading 
conditions.  Next,  by  using  symmetry  and  anti- symmetry ,  the 
loads  were  applied  to  the  model  to  obtain  the  results  for  the 
left  half  of  the  structure.  This  method  provided  element 
displacements,  forces  and  stresses  for  the  entire  support  frame. 

In  order  to  simulate  the  boundary  conditions  for  the 
attachment  points  on  the  base  of  the  frame  to  the  aircraft, 
grid  points  41,  42,  62,  and  63  were  constrained  from  translation 
in  any  direction.  These  points  were  free  to  rotate,  although 
in  the  actual  structure  some  rotation  will  be  restrained.  By 
only  constraining  the  translations,  more  conservative  results 
will  be  obtained  for  those  parts  of  the  structure  other  than 
the  base  attachment  areas .  The  model  was  also  analyzed  for  the 
1.5  g  Side  to  Side,  9  g  Fore,  and  6  g  Down  loading  conditions, 
with  the  attachment  points  fully  constrained  from  translational 
and  rotational  displacements .  This  analysis  using  the  fully 
constrained  boundary  conditions  produced  lower  stresses,  except 
for  elements  at  the  base  attachment  points.  However,  the  stress 
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Figure  5  Lower  Corner  Structure  of  the  Three  Intersecting 
Channel  Members ,2,3  and  5 


Figure  7  NASTRAN  Plot  of  Complete-  Model 
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Figure  8  NASTRAN  Plot  of  Front  View  at 


Figure  9  NASTRAN  Plot  of  Right  Side  at  X  =  32. 
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increase  at  the  attachment  points  was  insignificant. 
Consequently,  the  results  being  presented  were  obtained  by  using 
the  boundary  conditions  of  the  attachment  points  only 
constrained  from  translations. 

Routine  checks  of  the  model  showed  the  off  diagonal  to 
diagonal  ratio  and  the  epsilon  values  of  the  stiffness  matrix 
to  both  be  low,  thus  indicating  a  good  numerical  solution. 

Also,  plotting  was  performed  to  verify  the  element  connections. 
Figures  7  through  11,  which  illustrate  the  NASTRAN  plots,  show 
the  bar  elements  in  their  unoffset  positions .  Offsets  were 
used  in  the  analysis  to  reposition  the  bar  elements  from  the 
grid  points  to  the  elements  centroid. 

A  printed  output  file  of  the  input  and  output  data  created 
by  NASTRAN  is  not  included  in  this  report  due  to  its  size. 
However,  one  copy  of  this  printout  has  been  sent  to  the  4950th 
Test  Wing  and  an  additional  copy  has  been  retained  by  ASIAC  and 
is  available  upon  request. 
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III.  SUMMARY  or  RESULTS 

The  structural  adequacy  for  this  support  frame  is  verified 
by  utilizing  both  the  finite  element  technique  and  detailed 
stress  analysis. 

The  finite  element  analysis  uses  NASTRAN  to  calculate 
internal  moments  and  forces ,  as  well  as  grid  point  displacements 
and  element  stresses.  The  internal  forces  and  moments  are  used 
as  applied  loads  for  the  detailed  stress  analysis . 

The  results  of  the  NASTRAN  stress  analysis  are  shown  in 
Table  2  for  tension  and  in  Table  3  for  compression.  The  margins 
of  safety  for  less  than  10.0  are  given  in  these  tables,  and  are 
based  on  the  yield  strength  of  the  material.  The  stress  and 
force  results  for  the  evaluation  of  the  left  half  of  the  support 
frame  were  the  highest,  and  are  the  ones  being  presented  and 
used  for  the  detailed  calculations.  The  results  of  the  detailed 
calculations  are  given  in  Table  4.  As  indicated  by  the  results 
in  these  tables,  the  margins  of  safety  remained  positive  for 
the  six  loading  conditions.  The  lowest  margin  of  safety  was 
0.4,  and  resulted  from  the  detailed  analysis  for  the  vertical 
channel  beam  coliamn  buckling.  The  lowest  margin  of  safety 
obtained  from  the  NASTRAN  output  was  3.2  for  element  CBAR  37 
in  the  6  g  Down  loading  condition.  This  element  corresponds 
to  the  upper  console  attachment  support,  channel  5,  at  the  con¬ 
sole  attachment.  The  maximum  stress  of  8,282  psi.  obtained  for 
this  element  is  considered  higher  than  the  stress  which  can  be 
anticipated  in  the  actual  structure.  This  is  because  the  model 
did  not  account  for  the  total  rigidity  of  the  connections  at 
the  ends  of  channel  5  to  the  upper  corners.  Consequently,  the 
model  demonstrated  greater  deflections  along  the  span  of  this 
member  than  those  which  will  occur  for  the  actual  structure. 

Since  the  lower  support  member,  channel  5,  had  been  modeled 
with  plate  elements  at  the  corners  for  the  second  generation 
model,  lower  stress  values  were  obtained  for  this  member.  By 
using  plate  elements  at  the  connections,  the  rigidity  at  the 
corners  for  three  intersecting  channels  had  been  better  represented. 
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TABLE  2 

NASTRAN  RESULTS  FOR  THE  MARGINS  OF  SAFETY 
LESS  THAN  10.0  AND  THE  CORRESPONDING  TENSILE  STRESS 


Element  Maximum  Margin 

Number  Loading  Stress  (psi.)  of  Safety 


CBAR6 

1.5 

g 

+  Z  Side 

4,888 

5.8 

CBAR7 

It 

4,823 

5.8 

CBAR9 

If 

4,140 

7.0 

CBAR17 

5,386 

5.1 

CBAR18 

It 

5,212 

5.3 

CBAR24 

11 

3,380 

8.8 

CBAR2  5 

If 

5,774 

4.7 

CBAR27 

If 

4,892 

5.7 

CBAR28 

It 

4,719 

6.0 

CBAR33 

IT 

4,565 

6.2 

CBAR35 

II 

4,505 

6.3 

CBAR7 

1.5 

g 

-  Z  Side 

3,389 

8.7 

CBAR8 

II 

5,790 

4.7 

CBARIO 

II 

4,891 

5.7 

CBARll 

II 

4,718 

6.0 

CBAR18 

It 

5,234 

5.3 

CBAR19 

It 

5,413 

5.1 

CBAR2  3 

II 

4,872 

5.8 

CBAR24 

II 

4,805 

5.9 

CBAR26 

11 

4,148 

7.0 

CBAR33 

11 

4,509 

6.3 

CBAR35 

4,564 

6.2 

CBAR2 

9 

g 

Fore 

5,914 

4.6 

CBAR3 

II 

5,508 

5.0 

CBAR23 

II 

3,922 

,  7.4 

CBAR24 

It 

3,610 

8.1 

CBAR49 

II 

6,070 

4.4 

CBAR50 

II 

6,480 

4.1 

CBAR55 

11 

3,202 

9.3 

CBAR37 

6 

g 

Down 

6,485 

4.1 

CBAR38 

II 

4,028 

7.2 

CBAR39 

II 

4,016 

7.2 

CBAR40 

11 

6,313 

4.2 

CQUAD2 

196 

11 

3,434 

9.2 
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TABLE  3 

NASTRAN  RESULTS  FOR  MARGINS  OF  SAFETY 
LESS  THAN  10.0 

AND  THE  CORRESPONDING  COMPRESSIVE  STRESS 


Element 

Number 

Loading 

Maximum 

Stress  (psi. ) 

Margin 
of  Safety 

CBAR7 

1.5  g  +  Z  Side 

3,389 

9.3 

CBAR8 

V 

5,790 

5.0 

CBARIO 

V 

4,891 

6.2 

CBARll 

tf 

4,718 

6.4 

CBAR18 

T! 

5,234 

5.7 

CBAR19 

5,413 

5.5 

CBAR23 

?! 

4,872 

6.2 

CBAR24 

?! 

4,805 

6.3 

CBAR26 

!! 

4,148 

7.4 

CBAR33 

!! 

4,509 

6.8 

CBAR35 

?! 

4,564 

6.7 

CBAR6 

1.5  g  -  Z  Side 

4,888 

6.2 

CBAR7 

?! 

4,823 

6.3 

CBAR9 

!! 

4,140 

7.5 

CBAR17 

?! 

5,386 

5.5 

CBAR18 

!! 

5,212 

5.7 

CBAR24 

?! 

5,669 

9.4 

CBAR25 

!! 

5,774 

5.1 

CBAR27 

!! 

4,892 

6.2 

CBAR28 

?! 

4,719 

6.4 

CBAR33 

tl 

4,565 

6.7 

CBAR35 

?! 

4,505 

6.8 

CBARIO 

9  g  Fore 

3,577 

8.8 

CBAR23 

II 

4,160 

7.4 

CBAR24 

1? 

4,422 

6.9 

CBAR28 

!! 

3,321 

9.5 

CBAR37 

?! 

3,240 

9.8 

CBAR36 

6  g  Down 

5,109 

5.9 

CBAR37 

?! 

8,282 

3.2 

CBAR38 

!! 

7,155 

3.9 

CBAR39 

1! 

7,156 

3.9 

CBAR40 

!l 

7,997 

3.4 

CBAR41 

?! 

4,875 

6.2 
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TABLE  4 

SUMMARY  OF  DETAILED  CALCULATION 
STRESSES  AND  MARGINS  OF  SAFETY 


Location 

Loading 

Maximum 

Stress  (psi.) 

Margins 
of  Safety 

Weldment  of  cross 
member  Channel  4 
to  vertical 
Channel  2 

Combined: 

9  g  Fore, 

6  g  Down , 

1.5  g  Side 

9,464 

1. 

Weldment  of  Zee 
member  to 

Channel  member 

No.  3 

Combined : 

9  g  Fore, 

6  g  Down , 

1.5  g  Side 

10,469 

0.8 

Beam  column 
buckling  of 
vertical 

Channel  No.  2 

Combined: 

9  g  Fore, 

6  g  Down , 

1.5  g  Side 

0.4 

Isolator 

elastomer 

Combined : 

9  g  Fore, 

6  g  Down , 

1.5  g  Side 

2,712 

0.5 
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Tables  5  and  6  summarize  the  console  attachment  reactions 
and  the  isolator  deflections.  The  attachment  reactions  were 
obtained  from  the  rigid  console  model,  and  were  the  loads 
applied  at  the  attachment  points  on  the  support  frame.  The 
isolator  deflections  are  the  relative  displacements  of  that 
part  of  the  isolator  attached  to  the  console  to  that  part  of 
the  isolator  attached  to  the  support  frame.  Only  the  deflec¬ 
tions  for  the  9  g  Fore  and  the  6  g  Down  loading  conditions  are 
given  in  Table  6.  These  are  the  only  deflections  needed  to 
check  for  bottoming  out  of  the  isolators .  According  to  the 
detailed  calculations  in  Appendix  C,  the  isolators  may  bottom 
out  for  the  9  g  Fore  loading  condition. .  The  deflection  value 
used  for  the  calculations  was  from  the  NASTRAN  results.  As 
discussed  previously,  the  spring  rates  used  are  from  the  end 
point  of  the  load  versus  deflection  curve  in  Figure  3.  Further 
inspection  of  this  curve  shows  that  the  spring  rate  should 
increase  as  the  load  increases.  Consequently,  the  spring  rate 
for  the  isolator  load  of  the  9  g  Fore  loading  condition  will 
be  greater  than  the  one  used  in  the  NASTRAN  analysis.  Therefore, 
the  deflection  is  expected  to  be  lower  so  that  bottoming  out 
will  not  occur.  If  a  spring  rate  of  2,023  Ib/in.  was  assumed, 
bottoming  out  would  not  occur.  This  spring  rate  is  reasonable 
considering  Figure  3. 

The  detailed  stress  calculations  in  Appendix  C  are  used 
to  examine  the  critical  weldment  areas  of  the  structure  and  the 
susceptibility  to  buckling  of  the  vertical  channel  beam  column. 
The  results  of  the  detailed  calculations  demonstrated  positive 
margins  of  safety  for  the  weldment  stresses  and  for  column 
buckling  stability.  Also,  the  detailed  stress  calculations  of 
the  isolators  yielded  positive  margins  of  safety. 
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TABLE  5 

CONSOLE  REACTION  FORCES 


X  Direction 

Y  Direction 

Z  Direction 

Console  Grid 

(lbs. ) 

(lbs. ) 

(lbs. ) 

For  1.5  g  H-Z  Direction  Loading 


101 

18.45 

0.13 

317.33 

102 

-18.45 

-0.13 

317.33 

103 

18.45 

0.13 

225.54 

104 

-18.45 

-0.13 

225.54 

105 

18.45 

0.13 

318.21 

106 

-18.45 

-0.13 

318.21 

107 

18.45 

0.13 

226.42 

108 

-18.45 

-0.13 

226.42 

For  1.5  g  -Z  Direction 

Loading 

101 

-18.45 

-0.13 

-317.33 

102 

18.45 

0.13 

-317.33 

103 

-18.45 

-0.13 

-225.54 

104 

18.45 

0.13 

-225.54 

105 

-18.45 

-0.13 

-318.21 

106 

18.45 

0.13 

-318.21 

107 

-18.45 

-0.13 

-226.42 

108 

18.45 

0.13 

-226.42 

For  9.0  g  +X  Direction  Loading 


101 

1,668.15 

-1.  38 

96.38 

102 

1,590.67 

-1.  38 

96.38 

103 

1,668.15 

1.38 

-96.38 

104 

1,590.67 

1.38 

-96.38 

105 

1,671. 83 

-1.38 

96.38 

106 

1,594.35 

-1.38 

96.38 

107 

1,671.83 

1.38 

-96.38 

108 

1,594.35 

1.38 

-96.38 

For  1.5  g  -X  Direction  Loading 


101 

-278.02 

0.23 

-16.06 

102 

-265.11 

0.23 

-16.06 

103 

-278.02 

-0.23 

16.06 

104 

-265.11 

-0.23 

16.06 

105 

-278.64 

0.23 

-16.06 

106 

-265.73 

0.23 

-16.06 

107 

-278.64 

-0.23 

16.06 

108 

-265.73 

-0.23 

16.06 
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TABLE  5 
(Continued) 


Console  Grid 

X  Direction 
(lbs. ) 

Y  Direction 
(lbs.) 

Z  Direction 
(lbs. ) 

For  6  g  -Y  Direction  Loading 

101 

-102.30 

-1,179.51 

51.24 

102 

-102.30 

-1,148.67 

51.24 

103 

-102.30 

-1,026.33 

51.24 

104 

-102.30 

-995.49 

51.24 

105 

102.30 

-1,179.51 

-51. 24 

106 

102.30 

-1,148.67 

-51.24 

107 

102.30 

-1,026.33 

-51.24 

108 

102.30 

-995.49 

-51.24 

For  3  g  +Y  Direction  Loading 

101 

51.15 

589.76 

-25.62 

102 

51.15 

574.34 

-25.62 

103 

51.15 

513.16 

-25.62 

104 

51.15 

497.74  ■ 

-25.62 

105 

-51.15 

589.76 

25.62 

106 

-51.15 

574.34 

25.62 

107 

-51.15 

513.16 

25.62 

108 

-51.15 

497.74 

25.62 
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TABLE  6 

ISOLATOR  RELATIVE  DISPLACEMENTS  AT 


9  G 

9  g  Fore 

Grid 

101 

102 

103 

104 

105 

106 

107 

108 

6  g  Down 

101 
102 
10  3 
104 
10  5 
106 

107 

108 


FORE  AND  6  G 

X  (in.) 

0.76 
0.71 
0 . 89 
0.85 
0 . 76 
0.72 
0.89 
0.85 

0  .07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0 .07 


DOWN  LOADING 

Y  (in.) 

0.001 
0.001 
0.002 
0.003 
0.006 
0.007 
0.005 
0.005 

0.60 
0.59 
0.55 
0.53  ■ 
0,61 
0.59 
0.55, 
0.54 


CONDITIONS 

Z  (in.) 

0.037 

0.037 

0.037 

0.037 

0.062 

0.063 

0.063 

0.063 

0.003 
0.01 
0 . 01 
0.01 
0.03 
0.04 
0.03 
0.04 
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IV.  CONCLUSIONS 

The  results  from  the  NASTRAN  model  and  the  detailed  calcu¬ 
lations  satisfactorily  ascertain  the  structural  capability  of 
the  LOREORS  Electronic  Support  Frame  for  the  previously 


described  loading  conditions. 

Briefly,  the  lowest  margins  of  safety  and  their 
corresponding  locations  are  as  follows : 

Upper  console  attachment  support  member 

Channel  No.  5  on  left  side  +3.2 

Channel  No.  3  for  base  structure  near  structural 

Zee  member  at  left  side  on  the  front  +4.1 

Vertical  Channel  No.  2  at  left  side  on  back  +4.7 

Weld  between  Channel  No.  4  and  Channel  No.  2  at 

left  side  on  the  front  +1.0 

Weld  between  structural  Zee  and  Channel  No.  3  at 

left  side  oh  the  front  •'  +0.8 

Column  buckling  for  vertical  Channel  No.  2  +0.4 

Isolator  elastomer  stress  +0.5 

Figure  1  clarifies  the  locations  referred  to  here. 


In  conclusion,  all  the  results  verify  that  the  support 
frame  will  maintain  its  structural  integrity  and  be  able  to 
withstand  the  specified  loading  conditions . 
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APPENDIX  A 

TABULATION  OF  TECHNICAL 
DRAWINGS  FOR  LOREORS 
ELECTRONIC  CONSOLE  SUPPORT  FRAME 


A-1 
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TECHNICAL  DRAWINGS 


Description 

Frame  Weldment, 

Console  Support 

Frame  Weldment, 

Console  Support 

Cabinet  Assembly  -  2  Bay 
RFI  Shielded 


Fairchild  Imaging  Systems 
_ Drawing  Niimber _ 

1289-559  sheet  1 

1289-559  sheet  2 

1285-519  sheet  3 
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APPENDIX  B 

PBAR  PROPERTY  CALCULATIONS 
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PROPERTY  NUMBER:  1 

ELEMENT  NUMBERS:  1 

2 

3 


DESCRIPTION :  Lower  front  frame  channel  3 

4  X  2.25,  0.19  web,  0.29  flange,  A1  6061 


B-2 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  i  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS 

RECOVERY 

POINTS 

Point 

y 

z 

C 

1.4  67 

2.0 

D 

1.467 

-2.0 

E 

-0.783 

2.0 

F 

-0.783 

-2.0 

CBAR  Element  No. 

1 

2 

3 


OFFSET 

ZIA  Z2A 

0.0  0.0 

0.0  0.0 

0.0  1.62 


Z3A  ZIB 

0.0  0.0 

-0.783  0.0 

-0.783  0.0 


Z2B  Z3B 

0.0  -0.783 

1.62  -0.783 

1.62  -0.783 


SHEAR  FACTORS 


_  2(2.25)(0.29) 
1  "  1.95 


0.  67 


_  4(0.19) 
2  "  1.95 


0.39 
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PROPERTY  NUMBER:  1 

ELEMENT  NUMBERS:  13 

14 

15 


DESCRIPTION :  Upper  front  frame  channel  3 

4  X  2.25,  0.19  web,  0.2  9  flange,  A1  60.61-T6 
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PROPERTY  NUMBER:  i  (continued) 

CALCULATIONS : 

See  INERTIA  program  output  on  following  page. 


STRESS  RECOVERY  POINTS 


Point  _ 

C  1 

D  1 

E  -0 

F  -0 


7  Z 

467 

o 

• 

CM 

467 

-2.  0 

783 

2.0 

783 

-2.0 

OFFSET 


CBAR  Element  No. 

ZIA 

Z2A 

Z3A 

ZIB 

Z2B 

Z3B 

13 

0.  0 

-1.62 

-0.783 

0.  0 

-1.62 

-0.783 

14 

0.  0 

-1.62 

-0.783 

0.0 

0.0 

-0.783 

15 

0.  0 

0.  0 

-0.783 

0.  0 

0.0 

-0.783 

SHEAR  FACTORS 


2(2.25)(0.29) 
1  “  1.95 


0.67 


4(0.19) 
2  "  1.95 


0.39 
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aaaaa 

aaaaa 

iNLk  1  lA 

aaaaa 

a  •  •  •  a 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

bAK  PKUPkHiT 

NUMbkH 

aaaaa 

aaaaa 

ULSCHiPIluN- 

PbAh  NU.  1 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa' 

INPUI 

aaaaa 

1 YPi  UUM 

B  M  dl  HI 

X 

Y  ALf 

aaaaa 

aaaaa 

htCI  U,bU  a 

•OUUUO  ^•^buuv  U.VUtfUU  b.uuuou  u 

•  uuuuo  0 

^VUUUO  U.UUUUu 

aaaaa 

aaaaa 

hkCT-i.OU  3 

•4^UU0  ^.UOUUU  u.ouuuu  u,uuuuu  u 

•  UUUUU 

•IVbvu  o.uuuuu 

aaaaa 

aaaaa 

aaaaa 

UUIPUY 

aaaaa 

aaaaa 

NU.  AHEA 

xt  VL  lx  lY 

IXY 

A 

X  9«UUUb0 

O.UUUUU  l•l^bU0  3.79obb  l^.OOOUO 

U.UUVUU 

Ib.lto/bu 

aaaaa 

aaaaa 

2  -/,o4bao 

U.OUUUU  U£i^U0U  49142  -to.HbbVb 

u.uouuU 

-9,9bSb/ 

aaaaa 

aaaaa 

aaaaa 

■ 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

- 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

«  •  •  «  « 

•  •  •  *  * 

•  •  *  •  • 
«  *  •  •  « 
*•  a 
a  a  a  a  a 
aaaaa 
a  aa  a  a 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 
aaaaa 


(UTAt  AKtAs 
X  LtnTHUlU  UlSlANtts 
t  tintiKUiU  UlSIANLis 
IX  (A0UUI  CtNlHUlD)3 
IT  (AdUUl  CtNTMUlD)s 
iXV  (AdUill  CtNIhUlD)- 
IMAAS 
IMINS 
ALf'riAs 

IUhSIUnAL  CUNSIAhlf 
IX  (AbUUl  IwPUl  AxlSJs 
IV  CAoUUl  HPUl  Axlbis 
IXT  lAbUUl  i^eu1  AX1S)S 


, ivbt tul 

U. 

• /05t«ub 
•  luu^ui 
.bliLaOl 

leuttoJ 

.b^dt^Oi 

•SJifeaOi 

u. 


TUkSlUWAt  LUKS1AK1  (iAi>tU  UN  SUM 
UU1  ULLLSSAhlLV  AtLUKAIk 


t=  U, 

XS  0. 


a  a  a  a  • 
aaaaa 
aaaaa 


aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 

aaaaa 
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PROPERTY  NUMBER: 

1 

ELEMENT  NUMBERS: 

33 

34 

35 

DESCRIPTION:  Cross  brace,  channel  4, 

4  X  2.25,  0.19  web,  0.29  flange,  A1  6061-T6 


Y 

A 

Global 
zL . X 
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PROPERTY  NUMBER:  1  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS  RECOVERY  POINTS 


Point 

y 

z 

C 

1.467 

2.0 

D 

1.467 

O 

• 

CM 

1 

E 

-0.783 

2 . 0 

F 

-0.783 

-2.0 

OFFSET 


CBAR  Element  No. 

ZIA 

Z2A 

Z3A 

ZIB 

Z2B 

Z3B 

33 

1.40 

0.0 

0.0 

0.0 

O 

• 

o 

0.  0 

,  34 

0.0 

0.0 

0.0 

0.0 

o 

• 

o 

0.  0 

35 

0.0 

0.  0 

0.0 

0.0 

0.0 

0.  0 
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PROPERTY  NUMBER: 

1 

ELEMENT  NUMBERS: 

36 

38 

39 

41 

DESCRIPTION :  Upper  console  support  channel  5 

4  X  2.25,  0.19  web,  0.29  flange,  A16061-T6 


D  C  Y 
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PROPERTY  NUMBER:  1  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS 

RECOVERY 

POINTS 

Point 

y 

z 

C 

1.467 

2.0 

D 

1.467 

-2.0 

E 

-0.783 

2.  0 

F 

-0.783 

-2.0 

OFFSET 


CBAR  Element  No. 

ZIA 

Z2A 

Z3A 

ZIB 

Z2B 

Z3B 

36,41 

0.0 

0.783 

0.  0 

o 

• 

o 

0.783 

0.0 

38 

0.0 

0.783 

0.0 

0.0 

0.0 

0.0 

39 

0.0 

0.  0 

0.  0 

0.0 

0.783 

0.  0 

SHEAR  FACTORS 


2(2.25)(0.29) 
1  "  1.95 


0.  68 


4(0.19) 
2  "  1.95 


0.39 
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INLkll* 


»  «  ft  «  * 
«*•  ft* 


bAK  PHUPtHlY  Ku-PtH 
ULStHlFllUN-  PP*»<  NU, 


ft  ft  ft  ft  ft 
ftftftftft 


ftftftftft 


ftftftftft 
ftftftftft 
ftftftftft 
ftftftftft 
ftftftftft 
ftftftftft 
ftftft  ftft 
ftftftftft 


INPUI 

ItPL  UUM  B 

hLCl  U*UU  «.«tuOU 
HIC1*U0U  3,«£uo0 


H 

^•UPOUO 


bl 

U.PbuUU 

U.UUUUO 


HJ 

V.UUUUO 

u.uuuuu 


A 

U^UUUOU 

u.uuuuu 


t 

U, UUUVO 

, 1 vuuo 


MLf 

U, OUUOU 
O.uuuuu 


UUIHUI 

bU* 

I  9.UUUU0 
^  •7,U«b^O 


At 

t.UUOUU 

V.OuOUU 


YL 

1  . 

1 •^^UUU 


lx 

i,79oeb 


It 

12,0UUUU 

-b.bPpVb 


1>Y 

u, uuuuu 

V  •  0  U  u  u  U 


K 

Ib.lb/bu 

•9,9oSb7 


ftftftftft 


ftftftftft 


ft  ft  ••  ft 

ftftftftft 
ft  ft  ft  ft  ft 
ftftftftft 
ftftftftft 
ftftftftft 
ftftftftft 


ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 


ftftftftft 


ftftftftft 


ftftftftft 


ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 


IUML  AHLAs 
X  LtNlHOlU  UiblANtts 
Y  tLMkulU  UlSIANLt* 

IX  tAbUUl  CLN1kU1U)s 
lY  lAbUUl  LtNlHUll>)« 

IXY  (AdUUI  LtkIkUlU)- 
iHAxs 
I  Ml  NS 
ALPHAS 

lUHblUNAL  CUNblAhtr  ns 
iX  CAoOUl  iNPUl  AXIS)* 
lY  (AoUUl  InPuI  AXlbls 
IXY  lAbUUl  INPUl  AXlS>)s 


, |9bt «Ul 

o« 

.  7a5L«uir 
.lUltftUl 
.bJALftUl 

u. 

.*>131  ♦«! 
.lult^oi 
-.lbuLftV3 
.b^^tftoi 
,2^lt4Ul 
.SlitftUl 
u. 


lOkSlUNAL  tuNSlAM  faAbLU  ON  SUM 
NUl  UtttSSAHlLY  ALtUkAlt 


Y=  y. 
xs  u. 


•  •  ft  ft  • 


ftftftftft 


«ft«ftft 


ftftftftft 

ftftftftft 


ftftftftft 
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PROPERTY  NUMBER:  1 

ELEMENT  NUMBERS:  42 

44 

45 
47 


DESCRIPTION :  Lower  console  support,  channel  5 

4  X  2.25,  0.19  web,  0.29  flange,  A1  6061-T6 
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PROPERTY  NUMBER:  1  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS 

RECOVERY 

POINTS 

Point 

y 

z 

C 

1.467 

2.0 

D 

1.467 

-2.0 

E 

-0.783 

2.0 

F 

-0.783 

-2.0 

OFFSET 


CBAR  Element  No. 

ZIA 

Z2A 

Z3A 

ZIB 

Z2B 

Z3B 

42 

0.0 

0.0 

0.  0 

0.  0 

0.0 

-0.783 

44 

0.  0 

-0.783 

0.  0 

0.0 

0.0 

0.0 

45 

0.0 

0.  0 

0.0 

0.  0 

-0.783 

0.  0 

47 

0.0 

-0.783 

0.  0 

0.0 

0.0 

0.0 

SHEAR  FACTORS 


_  2(2.25)(0.29) 
1  ■  1.95 


0.  67 


4(0.19) 
2  1.95 


0.39 
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«  **  *  • 

A  •  «  *  * 
•  *  **« 
«  «  *  «  • 
***** 
*  **•* 
«  •  *  *  • 


lUML  AKtAs 
»  CLwTHUlU  UlblANtts 
t  ttNlKUlD  UlSlANLtS 
1%  (AttUUl  CtNlKUlU)^ 
it  lAtJUUl  ttNlKUlU)« 

IXt  (AOUUI  CthlHUlU)- 

IMAXS 

IMINS 

ALHmAs 

lUHSlUt^AL  CUMblAM#  »v  = 
iX  (ADUUl  ImHUI  Ax1S))5 
It  (AoUUt  iftPUl  AXlb)  = 
IXI  (AbUUl  iNPUl  AXlSi= 


, IVbt^Ul 

0. 

. ?03ttu0 
•lUlk40S 
.bl5L4Ul 

U, 

.bl3k  401 
,  10lt4UJ 
•  ,  ltt0t4Ui 
•b^^t4U] 
•  ^4;il4UI 
,blife4Ul 

u. 


IUHSIUWAL  tUKSlAM  bA^LU  UM  SUM 
UUT  KLLtSSAHlLT  ALCUKAU 


***** 

***** 

***** 

***** 

***** 

***** 

***** 

***** 

***** 

***** 

***** 

***** 

***** 

***** 

***** 

***** 
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PROPERTY  NUMBER;  1 

ELEMENT  NUMBERS:  49 

50 

51 


DESCRIPTION :  Lower  back  Trame  channel  3 

4  X  2.25,  0.19  web,  0.29  flange,  A1  6061-T6 
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PROPERTY  NUMBER:  1  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS  RECOVERY  POINTS 
Point  y  _ z 


c 

1.467 

2.Q 

D 

1.467 

»-2 . 0 

E 

-0. 783 

2.0 

F 

-0.783 

-2.0 

OFFSET 


CBAR  Element  No. 

ZIA 

Z2A 

Z3A 

ZIB 

Z2B 

Z3B 

49 

0.  0 

1.62 

0.783 

0.0 

1.  62 

0.783 

50 

0.  0 

1.  62 

0.783 

0.0 

0,0 

0.783 

51 

0.  0 

o 

• 

o 

0.783 

0.  0 

0.  0 

0.  0 

B-18 


Aerospace  Structures 
Information  and  Analysis  Center 


*•  *  *  • 

***** 

iNLk  UA 

***** 

•  •  •  •  • 

***** 

*  •  •  •  • 

***** 

*  *  ft  *  * 

***** 

«•  *  •  • 

***** 

toAk  PKUktKlY 

NUHbtH 

*  •  *  •  • 

***** 

ULSLMIPIIUN- 

kbAk  NU«  1 

*  *  •  •  • 

***** 

*  *  •  •  • 

***** 

a  *  •  •  • 

***** 

INPUI 

***** 

***** 

IVHL  UUM 

U  H 

dl  Hi 

X 

1  |»LF 

*  «  •  •  • 

***** 

NtCI  UtUU  4 

•  UUObU  i2.<!buuu  U 

•oouuu  b.uuuob  u 

•  uuuoo  p 

,bVUUO  U.UUUtJM 

•  *  *  •  * 

kiCT-UOU  3 

•«^UU0  ^fVbbUO  U.UUUUU  b.UUUUO  u 

•  uuuuu 

,ivguu  O.uuouu 

*  •  •  •  • 

***** 

•  *  •  *  • 

***** 

UU1PUI 

*  •  •  •  * 

***** 

NO.  AHEA 

XL  Vt 

lx  IT 

ixt 

n 

***** 

1  9«UU000 

U.UUUUU  l.UbUU 

3,79obb  l^.OOUUU 

u.uuuuu 

Ib.lto/bb 

***** 

***** 

i  -7,04b^0 

U.OUOUV  i•^^uuu 

-^.*4Via2  »e,bbb9b 

u  •OUUUU 

-9,96Sb7 

***** 

«***« 

***** 

*  *  *  •  • 

***** 

«  «  ft  •  * 

***** 

***** 

***** 

*  *  •  •  • 

***** 

- 

***** 

*  *  •  •  • 

*  •  *•  • 

***** 

***** 

’ 

***** 

***** 

***** 

, 

*  *  *  ft  * 

***** 

*  **  ft* 

•  •  A  *  « 

•  *  A 
AAA** 
***** 
***** 
***** 
***** 
***** 

•  «•*« 
*  **  ** 


lUML  AKtAs 
X  CtNlHUlU  DlSIANCts 
t  tiMiHUlU  UlSIANtt* 

IX  (AttUUl  CLN|HU1D)s 
IT  iAduUl  CtrTTKUlU)^ 

IXT  (AduuI  CtN1kUlU)= 

IMAXS 

IMINS 

ALPHAS 

TUKSIUhAL  CUNSIANI#  as 
IX  (AdUUI  IhPUI  AXlS)s 
IT  (AoUUl  IwPUl  Axlbjs 
IXT  (AbUUl  iNPUl  AX1S)= 


.ISbk  tul 

0. 

•  /tiittub 
.lUlk401 

,bl3L4Ul 

U* 

.luUtOl 
•  ,  ittuttui 

•*r^U40i 

.Siifctoi 


lUkSlUNAL  LUNS1AN1  bAbtU  UN  SUH 
l«U1  ULLtSSANlLY  ACLUkATt 


VS  u, 

xs  u. 


*  •  •  •  « 


*  •**  * 
•  •**« 


*  •  •  •  • 
*  •  •  •  * 


***** 
*  *  «  *  * 
•  **  ** 
***** 
***** 
***** 
***** 
«  **  ** 


•  •  •  •  • 
*  •  •  •  • 
*•*«• 
«  •  •  «  • 
•  *  ••  • 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  1 

ELEMENT  NUMBERS:  53 

54 

55 


DESCRIPTION :  Upper  back  frame  channel  3 

4  X  2.25,  .19  web,  .29  flange,  A1  6061-T6 


M.O" 


2.25" 


JD  J_ 


Global  I 

Z-« - 1  X 


B-20 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  1  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS  RECOVERY  POINTS 


Point 


C 

D 

E 

F 


1.467 

o 

• 

CM 

1.467 

-2.0 

-0.783 

o 

• 

CM 

-0.783 

-2.0 

OFFSET 


CBAR  Element  No. 

ZIA 

Z2A 

Z3A 

ZIB 

Z2B 

Z3B 

53  ■ 

0.  0 

-1.  62 

0.783 

0.0 

-1.62 

0.783 

54 

0.  0 

-1.  62 

0.783 

0.  0 

0.  0 

0.783 

55 

0.  0 

0.0 

0.  783 

O 

• 

o 

0.  0 

0.  0 

SHEAR  FACTORS 
2(2. 25X0.  29) 


0.  67 


4(0.19) 
2  "  1.95 


0.39 


B-21 


Aerospace  Structures 
Information  and  Analysis  Center 


*«  «  ft  • 

•  ••ft* 

•  •••ft 

•  ft  ft  ft  ft 
ft  ft  ft  ft  ft 


ft  •  •  ft  • 
ft  ft  ft  ft  ft 


ftftftftft  bAk  HMUHtNtY  NUMbtK 

ftftftftft  UtStMlKfluN*  HbAk  NUft 


ftftftftft 


ftftftftft 
ftftftftft 
ftftftftft 
ftftftftft 
ft  aftft* 
ftftftftft 
ftftftftft 


ftftftftft 


INPUI 

1 tPt  UUH  b 

htci  u»uu  M.uuuug 


H 

^•uouuO 


dl 

u.uuuuu 

u.uuuuu 


Ml 

U»UUUU(I 

U.UUUUU 


X 

u.uuuoo 

UtUUUUU 


I 

O^uoouo 
, IVMVO 


mLF 

tl«  UUUtiU 

O^uuuuu 


UUlPUl 


AHEA 

xc 

VL 

lx 

iv 

IXY 

A 

9,0u000 

v^uuuuu 

l.l^buu 

4,79obb 

12«OOUUU 

u  •  uuuuu 

Ib.lb/bu 

‘?.0<*b^0 

U.OUOUU 

1  •^^uvu 

-^.‘491«42 

•b.bbbVb 

V •OUMUU 

-9,9bSto/ 

ftftftftft 
ft  a  ft  ft  ft 
ftftftftft 
ftftftftft 
ftftftftft 
ftftftftft 
ftftftftft 


ftftftftft 


ft  ft  ft  ft  ft 


ftftftftft 


ftftftftft 


ftftftftft 
ft  ft  ft  ft.* 
ftftftftft 
ftftftftft 
ftftftftft 
ftftftftft 
ftftftftft 
ftftftftft 


ftftftftft 

ftftftftft 


ftftftftft 
•  ft*  ft  ft 


IUIAL  AKtAs 
X  LtftiHUlU  UlblANLts 
V  LtNiHUlU  UlSIANLtS 
IX  lAbUUT  C(.NIkU1D)s 
XT  lAUUUl  CtNTMUlU)^ 

IXV  (AduUI  LthIkUlD)- 
IhAx: 

IMINS 

AtPMAs 

IUkSIUnAL  CUNSIAM#  as 
IX  (AdUUI  InPUI  Ax1S)s 
IV  (Aouul  iNPuf  Axlb)s 
IXV  (AbUUl  iNPUl  AXlS)s 


. IVbt tul 

Uft 

•7O5tftU0 
•lUit4Ul 
,bl ALtUi 

U« 

,lulL40l 
•»  IbULtUi 

•  <!dU4Ut 
.Slifc4Ul 

u. 


lOHSlUHAt  tUNSIAM  bAbtU  UN  SUM 
iftUT  ULLtSSAKlLV  AtCUhATt 


Y=  U, 

xs  0, 


ftftftftft 

ftftftftft 


ft  ft  ft  •  ft 


ft  ft  ft  ft  ft 
ftftftftft 


ftftftftft 


ftftftftft 
ft  ft  ft  ft  ft 
ftftftftft 
ft  ft  ft  ft  ft 
ftftftftft 
ftftftftft 


B-22 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER;  1 

ELEMENT  NUMBERS:  56 

57 


DESCRIPTION;  Diagonal  cross  brace  at  the  top,  channel . 6 
4  X  2.25,  0.19  web,  0.29  flange,  A1  6061-T6 


B-23 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  1  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS 

RECOVERY 

POINTS 

Point 

y 

z 

C 

1.467 

2.0 

D 

1.467 

-2.0 

E 

-0.783 

2.0 

F 

-0.783 

-2.0 

OFFSET 


CBAR  Element  No. 

ZIA 

Z2A 

Z3A 

ZIB 

Z2B 

Z3B 

56 

0.0 

0.930 

0.  0 

-5.0 

-0.40 

(M 

CO 

• 

o 

1 

57 

0.  0 

0.930 

0.0 

-5.0 

-0.40 

0.82 

SHEAR  FACTORS 


2(2.25)(0.29) 
^1 - 1795 


0.67 


4(0.19) 
2  "  1.95 


0.39 


B-24 


Aerospace  Structures 
Information  and  Analysis  Center 


«  •  •  •  * 

*  *  •  *  « 

iNtkllA 

ftftftft* 

*  •  •  «  * 

•  •**  * 

ftftftftft 

«  ft  * 

ftftftftft 

ft  ft  ft  ft  ft 

ft  ftft  ft  ft 

bAk  HKUPtMIY 

NUMbtk 

ft  ft  ft  ft  ft 

ftftftftft 

ULSlHlPf ION* 

PbAk  UUm  1 

ft  ft  ft  ft  ft 

ft  ft  ft  •  ft 

ftftftftft 

ftftftft* 

ftftftftft 

ftftftftft 

IkPUl 

ftftftft* 

It PL  UUH 

B  H  tJl  HI 

X 

Y  ALF 

ftftftftft 

NtCI  U»UU  4 

•  ououb  li.^buuu  u.uuuuu  u^ouuub  u 

•  uuvuo  u 

«buuuO  u.uuuliu 

ftftftftft 

kLCT-i.OU  3 

•4^UU0  ^•uouuu  u«uuuuo  v.uuuuu  u 

•  uuuuu 

«19guii  O.uuuuu 

**••* 

ftftftftft 

UUlPUl 

ftftftft* 

NU,  ANEA 

At  Yt  U  It 

ixt 

A 

ft  ft  ft  ft  ft 

1  9,UUQ00 

QftVOUUU  l.UbUO  i.79Dbb  l^.UOOUU 

U.UUUUb 

Ib.lb/bu 

ft  ft  ft  ft  ft 

U.OUUOU  -^,491142  -0.bt>t>Vb 

u»uvuuU 

-9.9oSo/ 

ft  ft  ft  ft  ft 

ft  ft  ft  ft  ft 

ftftftftft 

' 

ftftftftft 

ftftftft* 

ftftftftft 

ftftftftft 

ft  ft  ft  ft  ft 

ft  ft  ft  ft  ft 

ftftftftft 

ft  ft  ft  ft  ft 

ftftftft* 

ft  ft  ft  ft  ft 

ftftftftft 

***** 

ftftftftft 

***** 

•  ftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ft  ft*  ft  ft 

ftftftftft 

ft  ft  ft  ft  ft 

ftftftft* 

ftftftftft 

ftftftftft 

ftftftftft 

IUIAL  AhLAs 

• IVbtftUl 

ft  ftft  ftft 

ft  LLNlHUlU  UlblANtts 

u. 

ftftftftft 

Y  lLnIkuIU  PISMNLLs 

• 703LtUb 

ft  ft  ft  ft  ft 

ftftftftft 

IX  (AbUUl  CLNiKUlU)= 

•lOlt^UI 

ftftftftft 

ft  ftft  ft  ft 

IT  (Abuul  CfcNTkUlU)« 

.bl3LftUI 

ftftftftft 

•  ftftftft 

IXT  (AduUI  Ltk1kUlU)s 

U, 

ftftftftft 

ft  ft  ft  ft  ft 

IhAfts 

•blifcftUI 

IMINS 

• lUlLftUl 

ft  ft  ft  ft  ft 

•  ftftftft 

ALPHAS 

IbutftUi 

ftftftftft 

ftftftftft 

TUKSIUhAL  CUNSIANI* 

•  bii^tftUl 

ft  ft  ft  ft  ft 

ft  ft  ft  ft  ft 

IX  lAoUUt  iNPUl  AXIS): 

•  <;<;ittui 

Ys  0. 

ftftftftft 

ftft*  *• 

lY  (ApuUl  IhPuI  Axlb)s 

.SlifcftOl 

XS  U« 

ftftftftft 

ft  ftft  ft  * 

IXT  (AbUUT  iHPUl  AXISIS 

u. 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftft* 

lUkSlUNAL  CUNSIAhl  BAbtP 

Uk  SUH 

ft  ft  ft  ft  ft 

ftftftftft 

IftUT  ULLtSSAhlLT  AttUkATL 

ft  ft  ft  ft  ft 

ftftftftft 

ft  ft  ft  ft  ft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ft  ft  ft  ft  ft 

ft  ft  ft  ft  ft 

ft  ft  ft*  ft 

ftftftftft 

ft  ft  ft  ft  ft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

• 

ft  ft  ft  ft  ft 

•  ftftftft 

ftftftftft 

•  ftft  ft* 

ft  ft  ft  ft  ft 

ftftftftft 

•  •••ft 

ftftftftft 

ftftftftft 

ftftftftft 

ft  ft  ft  ft  ft 

•  ftftftft 

ft  ft*  ft* 

ftftftftft 

B-25 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  2 

ELEMENT  NUMBERS:  4 

6 

7 

8 
9 

10 

11 

12 


DESCRIPTION:  Vertical  channel  2  at  the  front 

5  X  2.75,  0.19  web,  0.32  flange,  A1  6061-T6 


B-26 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  2 (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS 

RECOVERY 

POINTS 

Point 

y 

z 

C 

1.785 

2.5 

D 

1.785 

-2.5 

E 

-0.965 

2.5 

F 

-0. 965 

-2.5 

OFFSET 


CBAR  Element  No. 

ZIA 

Z2A 

Z3A 

ZIB 

Z2B 

Z3B 

4 

-2.50 

1 

O 

CO 

00 

-0. 965 

0.  0 

0.0 

0.0 

6 

0.  0 

0.0 

0.  0 

-2.50 

0.0 

-0. 965 

7 

-2.50 

0.0 

-0.965 

0.  0 

0.  0 

0.  0 

8 

0.  0 

0.0 

0.  0 

0.  0 

0.0 

-0. 965 

9 

0.  0 

0.0 

-0. 965 

0.  0 

0.0 

0.  0 

10 

0.  0 

0.0 

0.  0 

-2.50 

0.  0 

-0. 965 

11 

-2.50 

0.  0 

--0. 965 

,-2.50 

0.0 

-0. 965 

12 

-2.50 

0.0 

-0.965 

-2.50 

0.0 

-0. 965 

SHEAR  FACTORS 


_  2(2.75)(0.32) 

1  "  -2.59 

.  _  5(0.19) 

2  ■  2.59 


0.68 

0.37 


B-27 


Aerospace  Structures 
Information  and  Analysis  Center 


*  «  •  •  * 

A  •  •  *  • 

■  *  »  A  • 

A  A  A  A  A 

*  A  A  A  • 

A  A  A  A  A 

A  «  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

bAN  FKUPtHlf  NuMbLH 

A  A  A  A  A 

A  A  AAA 

UfcSCNlHIlUN-  FbAK  NU.  d 

A  A  A  A  A 

A  AAAA 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

INPUI 

A  A  A  A  A 

lYPt  UUH  b  H  bl  HI  X 

t  Atr 

A  A  A  A  A 

A  A  A  A  A 

HbCI  U«UO  b«OUOUO  (2v/bOOO  U^UUbUV  U.UUUUO  u 

,uouou  u.ouoou 

A  A  A  A  A 

A  A  A  A  A 

f<tCT*l»UU  4,ibUU0  ^•bbUOU  U.UQUUU  b.UOUUU  U.UUUUO 

,lvuuo  o.uuuua 

A  A  A  A  A 

UUlFuT 

A  A  A  A  A 

A  A  A  A  A 

NU.  AktA  XC  Tt  lx  lY  JXY 

N 

A  A  A  A  A 

A  A  A  A  A 

1  13.7bUUO  O.VUOUU  1,3/bOU  b.ooS^b  2b.b4b0i  u.UUUUU 

34,t>olUt> 

A  A  A  A  A 

A  A  A  A  A 

<^*ll.l6lb0  O.UUUUU  1.4/UUU  *l/.bbl4o  U.OUOUU 

-au.iblfbs 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

A  AAA  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  AAA 

A  A  A  A  A 

A  A  A  A  A 

A  A  AA  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  AAA 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

tUIAL  AKtAS 

A  •  .  A  • 

A  A  A  A  A 

A  Ctr^lHUlD  DlblANtts 

u. 

AAAAA 

A  A  A  A  A 

Y  CtUlkUlU  DlblANtts 

,NoSt tUU 

AAAAA 

A  A  A  A  A 

ix  (Aouul  ttNIKUlU)S 

mdO 5t «U1 

AAAAA 

A  AAAA 

lY  (Abuul  LtMlHUlU)S 

•  1  I UL4V^ 

AAAAA 

A  A  A  A  A 

iXT  (AUUUI  ttNiHUlUlS 

0. 

AAAAA 

A  A  A  A  A 

IKAXS 

.11 Ut«U^ 

AAAAA 

A  A  A  A  A 

IKIWS 

.ifUittOl 

A  A  A  A  A 

ALPHAS 

-. ibOLtui 

AAAAA 

AA  A  AA 

IUHSIuhAU  cunsiant#  Ks 

AAAAA 

A  A  A  A  A 

lx  (Aouul  INPUT  AXIS): 

•44bLfUl 

1=  P. 

AAAAA 

A  A  A  AA 

It  (Aouul  Input  axis): 

•llULtU^ 

Xs  0. 

AAAAA 

A  A  AA  A 

IXT  (Aouul  INPUT  AXIS): 

u. 

AAAAA 

AAA  A  A 

A  A  A  A  A 

AAA  A  A 

IUHSIUhAL  CUNSTAnT  bASLU 

UN  SUH 

A  A  A  A  A 

A  A  A  A  A 

nut  NLCLSSAHltY  ACCUHA|t 

AAAAA 

A  A  A  A  A 

A  A  A  A  A 

AAA  A  A 

AAAAA 

A  AAAA 

AAAAA 

A  A  A  A  A 

AAAAA 

A  A  A  A  A 

AAAAA 

A  A  A  A  A 

AAAAA 

A  A  A  A  A 

AAAAA 

A  A  A  A  A 

AAAAA 

A  A  A  A  A 

AAAAA 

A  A  A  A  A 

A  A  A  A  A 

A  A  A  A  A 

AAAAA 

AAA  AA 

A  A  A  A  A 

AAAAA 

A  A  A  A  A 

AA  AAA 

A  A  A  A  A 

A  AAAA 

AAAAA 

AAAAA 

A  A  A  A  A 

A  A  A  A  A 

AAAAA 

AAAAA 

A  A AAAA< 

AAAAA 

B-28 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  2 

ELEMENT  NUMBERS:  16 

17 

18 

19 

20 


DESCRIPTION: 


Base  channel  2 


5  X  2.75,  ;0. 19  web, 


0.32  flange,  kl  6061-T6 


B-29 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  2  (continued) 

CALCULATIONS ; 

See  INERTIA  program  output  on  following  page. 


STRESS 

RECOVERY 

POINTS 

Point 

y 

z 

C 

1.785 

2.5 

D 

1.785 

-2.5 

E 

-0. 965 

2.5 

F 

-0. 965 

-2.5 

CBAR  Element  No. 
16,17,18,19,20 


OFFSET 


ZIA 

Z2A 

Z3A 

ZIB 

Z2B 

Z3B 

2.5  0 

0.59 

0.0 

-2.50 

0.59 

0.0 

SHEAR  FACTORS 


„  _  2(2. 75X0.32) 

^1  ■  2.59 


0.68 


5(0.19) 
2  ■  2.59 


0.37 


B-30 


Aerospace  Structures 
Information  and  Analysis  Center 


ftftftftft 

1  M  1  A 

•  •  •  •  « 

ftftftftft 

»  •  •  •  • 

ftftftftft 

ftftftftft 

*  •  •  *  ft 

ftftftftft 

ft  •  »  ■  ft 

ftftftftft 

ftftftftft 

bAh  PKUPthlT  NUMbLK 

•  •  •  •  « 

ftftftftft 

UtStHlPllUN-  PbAK  NUp 

ft  ft  ••  ft 

ftftftftft 

ft  ••  ft  ft 

ftftftftft 

ft  ft  ft  ft  ft  ft  ft 

ftftftftft 

ft  ft  ft  ft  ft 

iNPUt 

ftftftftft 

iTPt  UUM  b  H  tJl  HI  X 

Y  ALF 

ftftftftft 

PtCI  U*U0  bpUUUUO  i?«/bUUU  O.UUbUU  U»UUUUU  UpUOvutt  u 

•uouou  Upbuuuu 

ftftftftft 

ftftftftft 

ktCT'lftUU  4p3bUUU  ^*bbUUU  U«Vl>UUW  tf.UOUUU  u,UuUUU 

•IVUUU  UpUUUUU 

ftftftftft 

ftftftftft 

ftftftftft 

OUTPUT 

ftftftftft 

ftftftftft 

NU,  AktA  XC  YL  lx  lY  JXY 

A 

ftftftftft 

1  li.7bUU0  VpUUUUU  l,i/buu  b.bob^b  ?Hpbi|bbi  U.VUUUU 

^bb 1  Mb 

ftftftftft 

ftftftftft 

^•ll•lblbO  O.OUUUU  U4/UUU  -b.OVb?^  -WpbblMb  U.OliOuu 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

***** 

ft  ft  ft  ft  ft 

***** 

ft  ft  ft  ft  ft 

ft  ft*  ft* 

ftftftftft 

ftftftftft 

ftftftftft 

ft  ft  ft  ft  ft 

ft  ft  ft  ft  ft 

ftftftftft 

ft  ft  ft  ft* 

ft**** 

ft*  ft  ft  ft 

ftftftftft 

ftftftftft 

ft  ft  ft  ft  ft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ft  ft  *  ft  ft 

ft  ft  ft  ft  ft  ft  ft 

ft* 
ft  ftftft* 
ftftftftft 


ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 


lUTAl  AhtAS 
Ji  LtNlhUll)  Dl&IANtis 
Y  CtUlhUlU  DlSIAKLte 

IX  (Aouul  tLN|KUlt/)s 

l\  lAbUUl  LLulHUlU}£ 
iXT  lAuUUl  ttNlHUiU)* 
JKAXS 

Alphas 

lUKblUNAL  LUNSIASt,  iss 
lx  (ADUUl  1NHU1  AXISI^ 
It  tAttUUl  INHUI  AXlSJc 
IXV  IAduUI  INHUI  AXlSls 


•VbbLtUO 

•  x:u5t«Ul 

•  1 1 UL4U^ 

u. 

•  UUL4U^ 

•  cfUitftUl 
••I buLtui 

•  lbit<tb^ 

•  ui 
•lIVtfUtf! 

0. 


lUNblOi^At  CUNSIANI  bAbtU  Uh  SUM 
nut  NLCtSSAKlLT  ACLUKAU 


Xs  0. 


ftftftftft 


ft  ft  •  •  « 
ftftftftft 
ft  ft  ft  ft  ft 
ftftftftft 
ftftftftft 
ftftftftft 


ftftftftft 


ftftftftft 
ftftftftft 
ftftftftft 
ftftftftft 
ftftftftft 
ft  ft  ft  ft  ft 
ftftftftft 
ftftftftft 
ftftftftft 


ftftftftft 


B-31 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  2 
ELEMENT  NUMBERS: 

21 

23 

24 

25 

26 

27 

28 
29 

DESCRIPTION :  Vertical  channel  2  at  the  back 

5  X  2.75,  0.19  web,  0.32  flange,  A1  6061-T6 


B-32 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  2  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS 

RECOVERY 

POINTS 

Point 

y 

z 

C 

1.785 

2.5 

D 

1.785 

-2.5 

E 

-0. 965 

2.5 

F 

-0.965 

-2.5 

CBAR  Element  No. 
21 

23 

24 

25 

26 

27 

28 
29 


OFFSET 


ZIA 

Z2A 

-2.50 

-0.38 

0.  0 

0.0 

-2.50 

0.  0 

0.0 

0.0 

■  0.0 

0.  0 

0.0 

0.  0 

-2.50 

0.0. 

-2.50 

0.  0 

Z3A 

ZIB 

0.965 

O 

• 

o 

0.0 

-2.50 

0.  965 

0.  0 

o 

• 

o 

O 

• 

o 

0.965 

0.0 

o 

• 

o 

-2.50 

0.965 

-2. 50 

0.  965 

-2.50 

Z2B 

Z3B 

O 

r 

o 

0.  0 

o 

• 

o 

0.  965 

0.0 

0.  0 

0.0 

0.  965 

0.0 

o 

• 

o 

0.  0 

0.  965 

0.  0 

0.  965 

0.38 

0.  965 

SHEAR  FACTORS 


2(2.75)(0.32) 
1  "  2.59 


0.68 


„  _  5(0.19) 

^2  "  2.59 


0.37 


B-33 


Aerospace  Structures 
Information  and  Analysis  Center 


bAh  HHUPtKiT  NUHbLH 
UtSCklPIlUN*  FbAN  NU. 


INPUI 

UPt  UUM  b  H  bl  Ml  X  t  AUF 

HtCI  U*UO  b«bUO(rO  2,/bUOO  b.UUUUU  U.UUOUU  u.uUuud  U^uOvOU  o.buyou 

^tCT-l.UU  O^ibOOO  l^•bbUtiU  UaUUUUU  U«U0UUU  U«UUUUU  .IVUVU  o»uuuuu 

uuipur 

NU,  AktA  XC  ¥t  lx  It  IXT  A 

1  Ii*7buu0  O.UUOUU  1,3/buu  b.oobib  aa.babui  u.uuuuu  3a,bol«b 

2-tUlblbO  O.UUVUU  1,<»/UUU  -b.bVb?^  -17.e)bl«b  u-uoogu 


»t  lx  It 

1,3/bUU  b.bobib  aa.babtti 
1,4/UUU  -b.bVb?^  -Wpbblilb 


]Xt  A 

u.uuuuu  3a,bol«b 
U.UOOMU 


IOTAL  AktA 
X  CLMikOlU 

t  CtUlkulU 
lx  (Anuut  I 
It  lAhUUl  I 
ixf  (Auuul 
IKAas 
iKlkS 
ALPmAs 
lUkSlUNAL 
lx  (AbuUT 
If  (AoUUl 
Ixr  (AbUUl 


UlblANLt^ 
DlSt ANLts 
LtNIKUlUis 
LtulKOlU)- 
tLNikUlUJs 


CUNSIAMIr  Ks 

input  AX1S)= 
Input  axis)* 
Input  axis)* 


u. 

•NDbLtUb 
•^UAt^Ul 
•  1  luLtU^ 

u, 

• llut♦u^ 
•^UitfUl 
*• IbULtUi 
•lbit«u^ 
•«ttbk«Ul 
•llutfU^ 
b. 


TUKSIuhAL  CUNSIANT  bAStU  UN  SUM 
NUT  NtCkSSAKlLT  ACCUkAU 


B-34 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  2 

ELEMENT  NUMBERS:  30 

31 

32 
62 
63 


DESCRIPTION:  Top  channel  2, 

5  X  2.75,  0.19  web,  0.32  flange,  A1  6061-T6 


B-35 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  2  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS  RECOVERY  POINTS 
Point  y  _ z 


c 

1.785 

2.5 

D 

1.785 

-2.5 

E 

-0. 965 

2.5 

F 

-0. 965 

-2.5 

CBAR  Element  No.  ZIA 


OFFSET 

Z2A  Z3A  ZIB  Z2B 


30,31,32,62,63  -2.50  -0.59 


0.0  -2.50  -0.59 


SHEAR  FACTORS 


_  2(2.75)(0.32) 
1  "  2.59 


0.  68 


5(0.19) 
2  2.59 


0.37 


Z3B 


0.  0 


B-36 


Aerospace  Structures 
Information  and  Analysis  Center 


*  *  •  •  • 


•  *«  «  * 

ft  •  •  •  • 

bAk  HKUKtHll 
UtStHlPllUN* 

NUHbtN 

FbAK  hu.  e. 

•  •  •  ft  • 

ftftftftft 

•  »  ft  •  * 

ftftftftft 

ft  ft  ft  ft  ft 

IhPuI 

ftftftftft 

ftftft  ftft 

UHL  UUM 

b  H  bl  HI 

X 

T  AUf 

ftftftftft 

ftftftftft 

NtCI  b 

•  VUOUO  2«7buou  b^dUiiOU  u«buOuu  u. 

uOuuO  u 

•uouuu  u«buuuu 

ftftftftft 

«*«  ft* 

htLl-l.UO  <1 

•ibUUU  ftf.bbUUU  g.UOUUU  u.uouuu 

UUOUU 

•  IVUUU  U,UUUiiO 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

UUlFUT 

ftftftftft 

hU.  A»<tA 

XC  ft  lx  lY 

IXY 

ft 

ftftftftft 

ftftftftft 

1  13*7bUU0 

u.uuouu  l,i7buu  b,C)ob3t>  ?b.c><4bei 

u.uuuuu 

3«j«60l  410 

ftftftftft 

ftftftftft 

O.UUOUU  ).4/UUU  -b.uvb?^  -W.bbHb 

v.uboub 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ft  ft  ft  ft  ft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ft  ft  ft  ft  ft 

ftft*  ft* 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ft  ft  ft  ft  ft 

ftftftftft 

ftftftftft 

ft  ft  ft  ft  ft 

ft  ft  ft  ft  ft 

ft  ft  ft  ft  ft  ft  ft 

ft  ft  ft  ft*  ft 

ftftftftft 

•  •  •  •  • 

ftftft  ft* 

lUlAL  AktAS 

.^bVt401 

ft  •  •  ft  • 

ftftftftft 

A  DIblANLls 

u. 

•  ft  ft  ft  ft 

Y  tLNlkuID  UlblANtts 

•NobLftUU 

ftftftftft 

ftftftftft 

IX  (AduuI  LLHiHUlU)* 

ftftftftft 

JY  lAnuUl  CLnIhu1L>)s 

• iiuL4ua 

ftftftftft 

ftftftftft 

IxY  (AuuOl  LLhlhUiUis 

u. 

ftftftftft 

ftftftftft 

]HAxs 

•  Uutftua 

ftftftftft 

ftftftftft 

iFlrts 

•  cfUiLftOl 

ftftftftft 

ftftftftft 

AtPHAS 

-• Ibuttud 

ftftftftft 

ft  ft  ft  ft  ft 

lUKblUNAL  tUNSIAM,  ks 

•  lbit4b<! 

ftftftftft 

ftftftftft 

IX  (AbUUl  INPUT  AXIS): 

•  41(lbL4Ul  IS  u. 

ftftftftft 

ftftftftft 

lY  iAbUUl  Input  axis):: 

•livtiua  Xs  0. 

ftftftftft 

IXY  (AduUI  input  AXlbls 

V. 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

TUPblUMAL  CONSTANT  bAbtU 

UN  SUH 

ftftftftft 

ftftftftft 

hut  nlclssakuy  accupau 

ftftftftft 

ft  ft*  ft* 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

ft**** 

ftftftftft 

ftftftftft 

ft  ft*  ft  ft 

ftftftftft 

ftftftftft 

ftftftftft 

ft  ft  ft  ft  ft 

ft**** 

ftftftftft 

ft**** 

ft  ft  ft  ft  ft 

***** 

•  ftftft* 

ftftftftft 

ftftftftft 

***** 

ftftftftft 

ftftftftft 

ftftftftft 

- - 

— 

ftftftftft 

ft  ft  ft  ft  ft 

ftftftftft 

ftftftftft 

ftftftftft 

ftftftftft 

— 

--  ■  --  -  ■  • 

-  -- 

•  •ftft  ft 

•  ftftft* 

ft* •«  ft 

ftftftftft 

ftftftftft 

ftftftftft 

..  -  - - 

-  “  •  .  —  -  -  - 

ftftftftft 

ftftftftft 

•  ••ft* 

I 

B-37 


L 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  3 

ELEMENT  NUMBERS:  58 

59 

60 
61 


DESCRIPTION:  Structural 

.4x3  1/16 


zee  member 
1/4,  A1  6 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  3  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS  RECOVERY  POINTS 


Point 

C  2. 

D  -2 

E  0 

F  0 


y 

Z 

938 

-2.0 

938 

2.0 

0 

2.0 

0 

-2.0 

CBAR  Element  No. 

58 

59 

60 
61 


OFFSET 


ZIA 

Z2A 

0.0 

-4.0 

1.53 

2.0 

0.  0 

0.  0 

1.53 

2.0 

Z3A  ZIB 

0.0  1.53 

0.0  0.0 

0.0  1.53 

0.0  0.0 


Z2B  Z3B 

2.0  0.0 

0.0  0.0 

2.0  0.0 

-4.0  0.0 


SHEAR  FACTORS 


.  _  2(3.063)(0.25) 

1  ■  2.41 


0.  635 


_  4(0.25) 
^2  "  2.41 


0.415 


B-39 


Aerospace  Structures 
Information  and  Analysis  Center 


JUIK li A 


•  «  *  •  • 


•  ft  ft  ft  ft 

bA»<  f'KUPt.klt 

liUMbtP 

UtbLH  J**!  lUH- 

PbAH  KU. 

ft  *  •  •  ft 

ft  ••  ft  ft 

*•*  ft* 

It PL  UUM 

b 

ftftftft* 

bLLl  y.yo  b 

.b7boy 

***** 

Httl-l.UO  3 

•  7byuo  . 

*  ftft  *• 

btci-l.uo  3 

•  7buyu 

*  ft  *  ft  ft 

ft  •  ft  ft  * 

UUIHUI 

•  ft  «  ft  ft 

NU.  AKLA 

XL 

ft  ft  *  ft  ft 

1  ifi.bUOOU 

o.uuuuu 

2«10.b«eiba 

l.b3Ub 

3*10.bU6bB 

•l.b31<fb 

•  «  *  «  • 


H 

4,UUUUU 


01 

U.UVUUU 

u.uuouu 

U« VbUUU 


fll 

o.vuuou 

u.uuuou 

u.uuuuo 


u.  vuuuu 

•.Ic’bOO 


0*  UUOUU 
if.  1  cfbuu 
I,b7b0i; 


ALf 

t .  ouuuu 
uuuuu 
VO  ,0uu0u 


XL  1* 

^.oooou  il. 53333 
-U,3bVto2 

l.b/Sul  -li?.3t>Vb<? 


lY 

bT.bVily 

ro.Vb<f^V 


1  Xt  tv 

u.uuuuo  l^t>. 33333 
*UUUub  -27.buviii 
.yuous  -if7.eovi<i 


«  •  « •  • 
•  •  •  •  ft 
ft  ft  •  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft*  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 


lUlAL  AKLAs 

•  <r^U  yyl 

ft  ft  •  ft  ft 

X  LtNlNUlU  Ulb1ANtt= 

Aftf /L-bV 

*  ft  ft  ft  ft 

y  LtNiHUlU  UlSlAUlLs 

•  ^yyt  ftb t 

•  ftftftft 

JA  (AOUOl  LtNlHUlU): 

ft  ft  «  ft  ft 

JY  (A»UU1  LLutKUiUjs 

•  v<r3L4yl 

ft  ftftftft 

IXY  (AOUUI  LLMKUlUls 

-♦  AO<4L40  J 

IKAXS 

#VA<ft  yOl 

ft  ft  ft  ft  ft 

JM1n= 

.IbVl ftbl 

•  ft  ft  ft  ft 

ALPHAS 

.3/Vt 

•  ftftftft 

lUhblUliAL  LUNblANI,  a  = 

.t>V/fc  ftUi? 

lA  (AduUI  INPUI  AXlb): 

.IbVt+y^ 

ft  ft  ft  ft  ft 

lY  lAOUUl  jNPUl  AAjb)= 

,v<?3Lfty  1 

ft  ft  ft  ft  ft 

lAY  (AUUUf  INPUI  AAibJs 

-,«y*iL4y  1 

lUKblUHAL  LUUSIAnT  uAbLU 

UU  bUM 

ftftftftft  NU1  NtttbSAKlLT  ALLUNAIL 

ft  ft*** 

•  •  *  ft  ft 


***** 
•  •*** 


•  •*«• 
***** 


•  ••** 


ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 


ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft*  ft  ft  ft 
ft  ft  ft  ft  ft 
*•  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 


ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ft  ft  ft  ft 
ft  ftftftft 
ft  ft  ft  ft  ft 

•  ftftftft 
ft  ft  ft  ft  ft 

•  ftftftft 

•  ftftftft 
ft  ft  ft  ft  ft 

•  •••ft 


B-40 

I 

i 


L 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  4 

ELEMENT  NUMBERS:  37 

40 


DESCRIPTION :  Upper  console  support  channel  5  at  isolator  attachment 
0.19  web,  0.29  flange,  A1  6061-T6 


B-41 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  4  (continued) 

CALCULATIONS : 

See  INERTIA  prograim  output  on  following  page. 


STRESS 

RECOVERY 

POINTS 

Point 

y 

z 

C 

1.275 

2.0 

D 

1.275 

-2.0 

E 

-0. 97  5 

2.0 

F 

-0.  975 

-2.0 

OFFSET 


CBAR  Element  No. 

ZIA 

Z2A 

Z3A 

ZIB 

Z2B 

Z3B 

37,40 

0.  0 

0.783 

0.  0 

0.0 

0.783 

0.  0 

SHEAR  FACTORS 


2(2.25)(0.29) 
1  "  1.53 


0.853 


1.75(0.19) 
2  "  1.53 


0.217 


B-42 


Aerospace  Structures 
Information  and  Analysis  Center 


I  Hlh  1  1  * 


»  *  «  •  * 

PHUPtKlf  NUMBLK 
»••*«  UtStKlFllUN-  Ktt**'  >‘U, 


•  •  *  •  • 
•  ••«  « 

•  A*  *  * 

•  AAA* 
A  A  A  A  A 

•  AAAA 
A  A  A  A  A 
AAAA* 


A  A  A  A  A 


INHUI 
ItPt  UU« 
KtCl  U,OU 
KLtl-1.00 

kt tl-1.00 


b 

41«0UUUU 


t1 

i,<*bouu 

iftMbUUU 

•ivuuu 


b) 

u«  uuuuu 
b.uvuuv 

U.UVUUO 


Hi 

UfOuUUU 

U.UUUUO 

u.uuwuu 


X 

Y 

AL» 

uuuuu 

U.UUUUU 

U.  Uuuuu 

AAAAA 

uuuuu 

,  1  '^uuu 

u.uuuuu 

AA  A  A  A 

uuuuu 

U  •  U  |1  u  u  u 

U.UUUUU 

UUlPUl 
KU.  **<tA 
I  v.uuooo 
^  -/.Oiib^u 
3  -.«^7b0 


XL 

u.bvuou 
u. uuuuu 
o.uuuuu 


YL 

l.l^buu 

l.^^uuo 

•UVbUU 


IX 

i,7Votte 

-.uuias 


lY 

l^.uuuub 

-6,bo6Uo 

-.Ibuib 


1  A  Y  A 

U.UUUUU  lb,lb/*>u 

u, uuuuu  -U,Sobt>/ 

U.UUUUU  ••uubla 


•  •  «  •• 
A  A  A  »  A 


A  A  A  A  A 

A  A  A  A  A 


lUlAL  AkLXs  .IbilAUl 
A  LtNlkUlU  UlblX^Lls  U* 

Y  LtulHlilU  Ulb1*NLti  .V/bLAUU 
lx  tAouul  ttui»«uiu)*  •7bit4UU 
lY  (AOUUI  ttWlkUJU)=  ,«VbtAUl 
IXY  lAbUOl  LIH1hU11))=  U, 

IKAXB  .«vbl.  tu  1 
iMlHb  ./biL4UU 
ALFtU-  -.IbUtAOi 
lUNSlO'^AL  tU'^blAM#  .b^^ttUl 
JX  lAOUUl  IIaFUI  AXISI*  .Af^UtAUl 
lY  lAbUUl  JNFUl  Axlb)=  .bUblAUl 
IXY  C*bUUl  IkFuI  AXlb)=  U. 

lUKblUNAt  LuNblAkl  bAbLU  LIh  SUH 
nut  btttbSAHlLY  ALtUKAlt 


YS  U. 
XS  Ua 


A  A  A  A  A 

A  A  A  A  A 


AAAA* 
AAAA* 
AAAAA 
AAAA* 
A  A*  AA 
AAAAA 

•  AAAA 

•  AAA* 
A  A  A  A  A 
A  AAAA 
AAAA* 
AAAAA 
A  A  A  A  A 
AAAAA 


A  A  A  A  A 
A  A  •  A  A 
A  A  A  A  A 
A  A  A  •• 
AAAAA 
AAAAA 
AA  AAA 

AAAAA 
AAAAA 
AAAAA 
•  AAAA 
AAAAA 
AAAAA 
A  A  A  A  A 
AAAAA 


B-43 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  4 

ELEMENT  NUMBERS:  43 

46 


DESCRIPTION :  Lower  console  support  channel  5  at  isolators 

0.19  web,  0.29  flange,  A1  6061-T6 
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PROPERTY  NUMBER:  4  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS 

RECOVERY 

POINTS 

Point 

y 

z 

C 

1.275 

2.0 

D 

1.275 

-2.0 

E 

-0.975 

2.0 

F 

-0. 975 

-2,0 

OFFSET 


CBAR  Element  No. 

ZIA 

Z2A 

Z3A 

ZIB 

Z2B 

Z3B 

43,  46 

0.  0 

-0.783 

0.  0 

0.0 

-0,783 

0.  0 

SHEAR  FACTORS 

2(2.25)(0.29) 

,  ■  I7S3  " 


1.75(0.19) 
2  "  1.53 


0.217 
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PROPERTY  NUMBER; 
ELEMENT  NUMBERS: 


5 

70 

71 

74 

75 


DESCRIPTION: 


Gusset  stiffeners  for  channel  5  connection 
at  upper  corners 


B-47 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  5  (continued) 


CALCULATIONS: 

-r  _  (0.375)(2.0)^ 
1  I2 

T  _  (2. 0) (0.375)^ 
^2  12 


0.25  in*^ 
0.009  in^ 


CBAR  Element  No. 

ZIA 

Z2A 

Z3A 

ZIB 

Z2B 

Z3B 

70,71,74,75 

0.0 

0.  0 

0.0 

0.0 

0.  0 

0.0 
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PROPERTY  NUMBER:  6 

ELEMENT  NUMBERS:  65 

66 


DESCRIPTION :  Effective  cross  section  for  connection  of 
channel  3  to  channel  2  at  the  top 
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CBAR  Element  No. 

ZIA 

Z3A 

Z3A 

ZIB 

Z2B 

Z3B 

65,66 

O 

O 

i  Q 
i  o 

O 

o 

o 

• 

o 

o 

• 

o 

o 

o 
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APPENDIX  C 

DETAILED  CALCULATIONS  AND 
STRESS  ANALYSIS 
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C.l  WELDMENT  STRESS  CALCULATIONS 

Those  weldment  areas  on  the  support  structure  considered 
most  critical  will  be  analyzed  in  detail.  There  are  two  types 
of  welds  present  -  single  bevel  butt  weld  and  in.  leg  fillet 
weld.  Since  most  of  the  welds  are  the  fillet  type,  it  can  be 
assumed  that  the  following  analysis  addresses  these  unless 
indicated  otherwise. 

The  absolute  values  of  the  element  forces  (bending  moment, 
twist  moment,  and  shear)  are  summed  for  the  1.5  g  Side  to  Side, 
9.0  g  Fore,  and  6  g  Down  loading  conditions.  This  svimmation 
will  yield  the  maximum  internal  loads  imposed  on  the  welds. 
Although  the  forces  are  an  average  for  the  CQUAD2  and  CTRIA2 
elements,  a  summation  of  the  absolute  values  should  guarantee 
conservative  results.  The  NASTRAN  force  results  of  the  plate 
elements  are  per  unit  length  (i.e.,  force  resultants). 

C.1.1  LOWER  CORNER  WELD  STRESSES 

The  first  weld  area  analyzed  is  for  the  lower  corner  at 
which  three  channel  members  are  welded  together.  Figure  5  shows 
the  NASTRAN  elements  for  this  area.  The  NASTRAN  force  output 
for  elements  CQUAD2  193  and  196  gives  the  loading  imposed  on 
the  weld  between  channel  5  and  channel  2. 

For  CQUAD2  193, 

M  =  0.41  +  0.45  +  1.78  =  2.64  in-lb/in. 

T  =  1.29  +  2.55  +  1.20  =  5.04  in-lb/in. 

V  =  2.63  +  1,26  +  3.47  =  7.36  Ib/in. 

For  CQUAD2  196, 

M  =  0.13  +  0.34  +  0.55  =  1.02  in-lb/in. 

T  =  0.18  +  1.16  +  0.81  =  2.15  in-lb/in. 

V  =  0.03  +  1.06  +  2.73  =  3.82  Ib/in. 

The  force  resultants  for  the  two  elements  becomes , 
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M  =2.64  +  1.02  =  3.66  in-lb/in. 

T  =  ^(5.09)^  +  (2.15)^  =5.48  in-lb/in. 

V  =  7.36  +  3.82  =  11.18  Ib/in. 

Each  of  the  above  forces  are  per  unit  length  and  must  be 
multiplied  by  the  weld  length  to  obtain  the  total  force. 


weld  length  =  2.75" 


1:25" 


— ^  .25"!^ 


Typical 
Weld  Section 


The  moment  of  inertia  for  the  weld  between  channel  5  and 


channel  2  is 


T  _  (2.75)(0.25)^  _  „  ,.^4 

X  0  •  0  0  3  D  3-Tl.  • 


The  bending  stress  is  calculated  as 
„  _  Me  _  (3. 66)(2. 75X0.125)  _ 


0.0036 


=  351  psi. 


The  shear  stress  due  to  the  twisting  moment  is  calculated 


T  =  ^  (3  +  1.8  |) 
£t 


(from  Mechanical  Engineering 
Design^  2nd  Edition,  1972,  p .  69) 


where  fi.  =  the  weld  length,  t  =  the  weld  leg 


^  _  (5.48)(2.75)  .o  +  1  R  0*25.  _  „„„ 
(2.75)(0.25) 
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The  primary  shear  stress  due  to  the  shear  force  is 
calculated  as 


T  = 


where  A  =  area  at  the  weld  throat 


(11.18) (2-75) 

"  (0.707)(0.25)(2.75) 

The  total  shear  stress  becomes 
T  =  63  +  277  =  340  psi. 

Thus,  the  maximum  weld  stresses  become 


a 

max 


T 

max 


351  ^ 
2 


.  (340)2 


558  psi. 


383  psi. 


The  margins  of  safety  are 


MS 


19,300 

588 


1  =  34 


MS 


18,240 

383 


1 


47 


Next  the  weld  stresses  between  channel  5  and  the  gusset 
plate  are  analyzed.  The  NASTRAN  forces  in  the  element  X 
coordinate  of  CQUAD2  196  depict  the  loads  for  this  weld. 


M  =  0.70  +  0.11  +  2.25  =  3.36  in-lb/in. 
T  =0.18  +  1.16  +  0.81  =.2.15  in-lb/in. 
V  =  3.17  +  0.17  +  14.49  =  17.84  Ib/in. 


The  moment  of  inertia  for  this  weld  is  calculated  as . 


2(0.25)^ 

12 


0.0026  in'^ 


The  bending  stress  is 

^  _  (3.36)(2.0)(0.125) 
^  "  0.0026 


323  psi. 


The  twisting  shear  is 


T 


(2.15)(2.0) 

(2.0X0.25)^ 


(3  +  1.8 


111  psi. 
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The  primary  shear  is 

(17. 83) (2.0) 


=  101  psi. 


■  (0.707) (2.0)(0.25) 

The  maximum  stresses  for .this  weld  are  calculated  as 


323 


max 


max 


^  J'- 


(323) 


+  (111  +  101)  =  428  psi. 


(323)' 


+  (111  +  101)  =  267  psi. 


Also,  the  margins  of  safety  are 

MS  =  -  1  =  44 

MS  =  -  1  =  67 

The  maximum  weld  stresses  between  channel  5  and  channel  3 
are  evaluated  as  follows.  The  highest  forces  occurred  in 
element  CQUAD2  222  and  for  the  combined  loading  conditions 
yielded  the  following  forces  on  the  weld, 

M  =  0.50  +  3.04  +  1.55  =  5.09  in-lb/in. 

T  =  0.77  +  4.51  +  0.81  =  6.09  in-lb/in. 

V  =  2.44  +  28.32  +  1.50  =  32.26  Ib/in. 

The  moment  of  inertia  for  the  weld  about  the  element 
X-axis  is 

,  j  __  (2.251(0,.25).!.,  in? 


Thus  the  bending  stress  is 

(5.09)(2.25)(0.125) 


a  = 


=  489  psi. 


0.0029 

The  shear  stress  due  to  the  twisting  moment  is 


_  _  (6.09)(2.25)  ^  0.25,  _  ^ 

T  =  - —  (3  +  1.8  t; — ;^)  =  312  pSl 


(2.25)(0.25)" 

The  primary  shear  stress  is 
(32.26)(2.25) 


T  = 


(0.707)(0.25)(2.25) 


2.25 


=  183  psi, 


C-6 


Aerospace  Structures 
Information  and  Analysis  Center 


Therefore,  the  maximum  weld  stresses  are  calculated  to  be 

+  +  (312  +  183)^  =  797  psi. 


489 


max 


max 


f  484  ■)  9 

+  (312  +  183)  =  552  psi. 


The  margins  of  safety  for  these  maximum  stresses  become 
19,300 


MS 


797 


-  1  =  23 


MS  =  -  1  =  32 

b  o  z 

The  maximum  weld  stresses  between  channel  3  and  channel  2 
are  calculated  using  the  NASTRAN  force  output  for  elements 
CQUAD2  190  and  191. 

For  CQUAD2  190, 

M  =  0.61  +  1.60  +  1.00  =  3.21  in-lb/in. 

T  =  1.05  +  2.76  +  3.90  =  7.71  in-lb/in. 

V  =  0.45  +  2.17  +  4.20  =  6.82  Ib/in. 

For  CQUAD2  191, 

M  =  0.71  +  0.29  +  2.86  =  3.86  in-lb/in. 

T  =  0.48  +  2.56  +  1.28  =  4.32  in-lb/in. 

V  =  0.18  +  1.56  +  1.57  =  3.31  Ib/in. 

The  moment  of  inertia  for  each  of  these  welds  is 

I  =  =  0.0027  in'; 

The  bending  and  shear  stresses  for  the  weld  on  CQUAD2  190  are 
^  _  (3. 21)(2. 06X0.125)  _ 

- oTMIt - 

.  _  (7.71)(2.06)  ,o  .  „  0.25^  _ 

T  -  - o  (3  +  1.8  ^x)  =  397  psi. 


T  = 


(2.06)(0.25) 

(6.82X2.06) 


2.06' 


=  39  psi. 


(0.707)(2.06)(0.25) 

The  maximiim  stresses  for  this  weld  are 
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""max  "  +  (397  +  39)^  =  615  psi, 


'^max  ""  ^  +  (397  +  39)^  =  462  psi. 


The  margins  of  safety  are 
MS  =  -  1  =  30 

b  lo 


MS  = 


18,240 

462 


-  1  =  38 


The  maximum  stresses  for  the  weld  on  CQUAD2  191  are 

^  _  (3.86)(2.06)(0.125)  _ 
o  -  - ^  -  -  368  psi. 


T  = 


0.0027 
(4.32)(2.06) 


(2.06X0. 25)' 


(3  +  1.8  =  223  psi, 


T  -  (3.31X2.06)  _  TQ 

,  (0. 707X2. 06)(0. 25)  " 


%ax  =  ^  +  (223  +  19)^  =  488  psi. 

y(368)  ^  ^  j^g^2  _ 


max  ^  4 

The  margins  of  safety  are 

MS  =  -  1  =  38 


MS 


18,240 

304 


59 


Since  the  NASTRAN  output  indicates  small  forces  for  the 
plate  elements  of  the  gussets,  it  is  deemed  unnecessary  to 
analyze  the  welds  on  the  gusset  plates. 
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C.1.2  CROSS  BRACE  WELD  STRESSES 

Next  the  maximum  weld  stresses  between  channel  4  and 
\  channel  2  are  calculated.  The  highest  combined  loads  were 
obtained  from  the  NASTRAN  force  output  for  element  CBAR  33. 
The  location  of  this  element  is  shown  in  Figure  9 . 


P  =  141.78  lb. 


The  weldment  moment  of  inertia  for  the  element  reference 
plane  2  is 
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t 


y 


Local  Z 
Axis 


J  =  A(^  +  r>^)  =  2(0.38  +  (2.125)^) 

(from  Mechanical  Engineering  Design,  2nd  Edition, 
p.  69 ) 

J  =  3.72  in*! 


For  the  secondary  shear  stress  in  plane  2 
Mr 


T  = 


T  = 


J 

(14,006.29)(2.38)  _ 


3.72 


=  8,961  psi. 


And  for  the  primary  shear  stresses  in  plane  2 


T  = 


T  = 


V 
A 

141.78 


992.15  _  T  one 

2(0.38)  ■ 


=  187  psi, 


2(0.38) 

The  resultant  shear  stress  becomes 


T  =  ^(8,961)^  +  (1,306  +  187)^  =  9,085  psi. 


1972, 
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The  weldment  moment  of  inertia  for  the  element  reference 
plane  1  is 

I  =  2(2.15)^(0.251  ,  .^4 

Z  12 


The  weld  stresses  in  plane  1  are 


o  = 


_  Me  _  (278.68)(1.08)  _ 
=  - 0T4l 


41.51  _  cn 

■  2(0.707)(2.15)(0.25)  "  ^  ^ 

The  shear  stress  in  plane  1  due  to  the  axial  torque  is 

J  =  2r^A  =  2(2.125)^(0.38)  =  3.43  in'! 
o 

_  (389. 94) (2. 125)  _  ^  . 

^  -  - 03 

The  resultant  shear  stress  of  planes  1  and  2  becomes 


T  = 


^(9,085)^  +  (55  +  242)^  =  9,090  psi. 


Thus,  the  maximum  stresses  for  this  weld  are  calculated  to  be 
734 


max 


max 


(734^  +  (9,090)^  =  9,464  psi. 


(734^  +  (9,090)^  =  9,097  psi. 


Also,  the  margins  of  safety  are  calculated  as 

-  1  =  1.04 


MS  = 


MS 


9  ,464 

18,240  _  T  =  1  QT 
9  ,097  ^ 
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C.1.3  ZEE  MEMBER  WELD  STRESSES 

For  the  structural  Zee  at  the  base  attachment,  the  maximum 
weld  stresses  to  channel  3  are  calculated.  The  highest  forces 
of  the  Zee  member  occurred  in  element  CBAR  58.  This  element 
is  shown  in  Figure  10. 

Combined  forces  in  element  reference  plane  1, 

M  =  270.77  +  1,309.16  +  831.76  =  2,411.69  in-lb. 

V  =  222.07  +  936.61  +  380.59  =  1,539.27  lb. 

T  =  5.88  +  34.13  +  0.86  =  40.88  in-lb. 

Combined  forces  in  element  reference  plane  2 , 

M  =  1,186.55  +  1,690.33  +  849.66  -  3,726.54  in-lb. 

V  =  239.34  +  1,278.38  +  455.89  =  1,973.61  lb. 

P  =  137.80  +  78.72  +  99.95  =  316.47  lb. 


1^.25" 


Y-^ 


Local  Y 
Axis 


The  weldment  moment  of  inertia  for  bending  in  reference 
plane  1  of  CBAR  58  is  calculated  as  follows 

2  2 
J  =  2A(^  +  r^)  =  2(2.25)(0.707)(0. 25)  +  (1.66)^) 

J  =  2.53  ±nt 


The  weld  shear  stresses  in  plane  1  are 
T  =  =  (2,411.69)(2.00)  , 


T  = 


2.53 
(1,539.27) 


2(0.707)(2.25)(0.25)  psi- 
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The  shear  stress  due  to  the  axial  torque  is  calculated  as 

J'  =  2r^A  =  2(1.66)^(0.707)(0.25)(2.25)  =  2.19  in'! 
o 


I  r 


T  = 


o  _  (40.88)(1.66)  _ 

I  9  1 Q  -  Oi  psi. 


J '  2.19 

The  resultant  shear  stress  of  plane  1  is 


T  =  ^(1,908)^  +  (1,935  +  31)^  =  2,740  psi. 


The  weldment  moment  of  inertia  'for  bending  in  reference 
plane  2  of  CBAR  58  is  calculated  as  follows 

I  =  2(0 -25) (2, 252!  .  0.47  in? 

y  ±2 

The  weld  stresses  in  plane  2  are 
0  =  ».726  54H1.13)  , 

U  •  H  / 

.  -  (1»973.61)  ^  . 

^  "  2(0.707)(0.25)(2.25)  PSi- 

The  shear  stress  in  plane  2  due  to  the  axial  force 

_  _ 316 . 47 _  _  «Qp  • 

~  2(0.707)(0.25)(2.25)  ^ 

The  resultant  shear  stress  for  planes  1  and  2  becomes 


y(2,740)^  +  (2,481  +  398)^  =  3,975  psi. 


Therefore,  the  maximum  weld  stresses  between  the  Zee  member 
and  channel  1  are  calculated  as 


8 


max 


-J- 


(8,96^  +  (3,975)^  =  10,469  psi. 


max 


y(9,960)^_  ^  (3,975)^  =  5,9  89  psi. 


The  margins 
calculated  as. 


ins  of  safety  for  these  maximum  weld  stresses  are 
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C.2  BEAM  COLUMN  BUCKLING  ANALYSIS 

The  vertical  5  in.  channel  members,  channel  2,  are  analyzed 
for  beam  column  stability,  loaded  according  to  the  element 
forces  from  the  NASTKAN  output.  A  conservative  analysis  is 
made  by  assuming  that  the  column  is  free  at  the  top  and  fixed 
at  the  base.  The  length  considered  is  72.6  in. 


The  torsional  effect  of  the  cross  brace  channel  4  (CBAR  33) 
must  also  be  included  in  the  analysis .  The  torque  imposed  on 
the  column  by  the  cross  brace  will  contribute  to  the  beam 
column's  instability.  The  critical  buckling  load  is  calculated 
by 


cr 


cr 


2 

TT  El 

— ^  (from  Mechanical  Engineering  Design,  2nd 

Edition,  1972,  p.  138) 

TT^dO.U  X  10^)(11.0)  _ 


4(72.6) 


=  5.36  X  10  lb. 


C-15 


Aerospace  Structures 
Information  and  Analysis  Center 


Since  the  highest  axial  loads  for  this  member  occurred  in 
element  CBAR  7,  the  element  axial  forces  are  combined  for  the 
1.5  g  Side  to  Side,  9.0  g  Fore,  and  6  g  Down  loading  conditions 

P  =  1,224.01  +  424.73  +  1,787.40  =  3,436  lb. 

In  order  to  take  into  account  the  buckling  moment  induced 
in  the  column  by  channel  4,  the  axial  torque  of  element  CBAR  33 
for  the  three  loading  conditions  is  divided  by  the  translation 
in  plane  1  of  the  attachment  point  between  channel  2  and 
channel  4  (NASTRAN  grid  point  9).  This  method  will  provide  an 
equivalent  axial  load  to  the  column  that  has  the  same  buckling 
effect  on  channel  2  as  the  torque  from  channel  4. 

P  =  177.97  ^  205.67  .  6.30 

eq  0.0066  0.082  0 . 0012  ~  34,723  lb. 

Finally,  the  two  axial  loads  can  be  combined  to  give  the 
vertical  load  on  the  column. 


P.  =  P  +  P 
t  eq 


3,436  +  34,723  =  38,159  lb. 
The  margin  of  safety  is  calculated  as 


Mc  -  53,600  1  -nii 

38,159  -  1  -  0-4 
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C. 3  ISOLATOR  STRESS  CALCULATIONS 

The  information  received  stated  that  the  isolators  were  a 
Model  507  Code  3.  Furthermore,  the  elastomer  used  in  the 
isolators  is  given  as  natural  rubber.  The  cross  sectional 
dimensions  of  the  isolator  are  as  follows: 


The  area  for  tension,  compression,  and  transverse  shear 
is  calculated  to  be 

A  =  (1.88^  -  0.459^)  J  =  2.61  in? 

The  bearing  stress  area  is  calculated  to  be 

A,  =  i(0.459)  7r(0.76  +  0.12)  =  0.63  in? 

b  I 

The  combined  maximum  axial  and  shear  loads  on  one  isolator 
for  the  1.5  g  Side  to  Side,  9.0  g  Fore,  and  6  g  Down  loading 
conditions  is  obtained  from  Table  5. 

P  =  (0.13)  +  (1.38)  +  1,179.51)  =  1,181.02  lb. 

y  • 

P  =  [(318.21)^  +  (18.45)^  +  (1,671.83)^  +  (96.38)^ 

^2j 

+  (102.30)^  +  (51.24)^]^^^  =  1,708.51  lb. 


The  corresponding  stresses  are 
a  =  =  453  psi. 


(1,708.51) 

2.61 


655  psi. 
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The  bearing  stress  is 

_  (1,708.51) 
b  0.63 


calculated  as , 
2,712  psi. 


The  tensile  strength  of  natural  rubber  is  4,000  psi.  This 
is  from  "Machine  Design,"  Materials  Reference  Issue,  March  1976 
p.  196.  No  value  was  given  for  the  compressive  strength,  but 
it  should  be  conservative  to  use  the  tensile  strength.  Also, 
the  shear  strength  is  assumed  to  be  60%  of  the  tensile  strength 
The  margins  of  safety  become 

8 


MS 


_  4,000  , 

453 


'‘S  =  ^  -1  =  3 
MS  =  -  1  =  0.5 

Also,  a  check  is  made  for  bottoming  out  of  the  isolators. 
From  Table  6,  the  maximum  relative  displacements  for  the  isola¬ 
tor  are  0.89  in.  in  the  transverse  direction  and  0.61  in.  in 
the  axial  direction. 

The  clearance  in  the  axial  direction  is 


6^^  =  0.76  in. 
ca 

Consequently,  the  displacement  is  less  than  the  clearance 
for  the  axial  direction. 

The  clearance  in  the  transverse  direction  is 
=  (2.0  -  0.459)/2  =  0.77  in. 

The  relative  displacement  in  the  transverse  direction  is 
0.12  in.  greater  than  the  clearance. 
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